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ABSTRACT 
 
Environmental Color for Pediatric Patient Room Design. 
(December 2007) 
Jin Gyu Park, B.En., Pusan National University, Korea; 
M.Arch., Texas A&M University 
Chair of Advisory Committee: Dr. Mardelle M. Shepley 
 
Color has a large impact on our psychological and physiological responses. 
This study examines the value of color as a component in a healing environment for 
pediatric patient rooms by measuring color preferences among healthy children, 
pediatric patients, and design professionals. Environmental satisfaction is a significant 
mediator between the physical environment and children’s health. Previous color 
preference studies have typically been done with small color chips or papers, which are 
very different from seeing a color applied on wall surfaces. A simulation method 
allowed for investigating the value of color in real contexts and controlling confounding 
variables. The findings of this study demonstrated that blue and green are the most 
preferred, and white the least preferred color, by both children and design professionals. 
Children’s gender differences were found in that boys prefer red and purple less than 
girls. Pediatric patients reported lower preference scores for yellow than did healthy 
children. These findings lead to color application guidelines for designers to understand 
color more and eventually to create better environments for children and their families. 
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CHAPTER I 
INTRODUCTION 
 
 
1.1 BACKGROUND 
 
Color is taken for granted since it surrounds us from birth. People often 
consider our response to color as instinctive and simple, but it involves a very complex 
interaction between light, eyes, and the brain (Luke, 1996). Color, as one of the most 
important elements in our physical environment, has a great impact on our psychological 
and physiological responses (Manke, 1996). This presents important implications for 
patients in healthcare settings. 
Human well-being is usually promoted when physical environments provide a 
moderate level of positive stimulation; in other words, if stimulation levels are too high, 
or too low, the cumulative effect on a patient will be stressful (Wohlwill, 1968). There is 
also increasing empirical evidence that poor design quality negatively affects a patient’s 
well-being (Ulrich, 1991). An environmental stimulation that produces positive feelings 
holds a client’s attention and interest, and may decrease stress and negative thoughts 
(Ulrich, 1981). If appropriate visual colors can have positive influences, it is possible 
that color may add to the comfort of a patient, thus allowing a quicker recovery.  
Many healthcare providers and designers have questioned and searched for 
empirically-based color guidelines for healthcare settings, but the scientific evidence for  
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making informed decisions regarding color application for patients has only been loosely 
tested (Tofle, Schwarz, Yoon, & Max-Royale, 2004). 
 
1.2 PROBLEM STATEMENT 
Positive environmental stimulations can promote patient well-being by 
reducing their stress or negative feelings (Ulrich, 1981). If appropriate visual colors can 
have positive influences, then those colors will make patients more comfortable, 
allowing for a quicker recovery. While many healthcare providers and designers have 
searched for empirical guidelines regarding color applications for patients, no source is 
conclusive (Tofle, Schwarz, Yoon, & Max-Royale, 2004).  This may be because the 
methodologies used in most previous studies have lacked rigor. 
Colors need to be studied in real contexts because we experience colors in 
environments where complex patterns interact with our perception and behavior (Tofle, 
Schwarz, Yoon, & Max-Royale, 2004). However, previous studies are typically done 
with small color chips or papers, which are fundamentally different from seeing the 
color applied to one or more interior surfaces. Additionally, the majority of previous 
studies have failed to control for confounding variables such as brightness, saturation, 
light sources, background colors, or cultural factors; in other words, brightness and 
saturation must be controlled if the hue effect is going to be investigated (Meerum 
Terwogt & Hoeksma, 1995). 
Much of the existing research in environmental design has focused on 
environments for healthy adults, but those findings cannot be confidently applied to 
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environments for children (Shepley, et al., 1998). According to Jean Piaget, a child’s 
way of understanding does not function the same way as an adult’s (Berk, 2002). 
While previous studies on healthy children’s color preferences are suggestive, 
none have focused on pediatric healthcare environments. There is a gap in the body of 
knowledge about how children’s color preferences change in response to health status; 
the empirical evidence regarding color applications for pediatric patients appears to be 
non-existent. Therefore, a well-controlled investigation of the effects of color on 
pediatric patients in a real context is necessary.  
 
1.3 OBJECTIVES 
The purpose of this study is to investigate the value of color as a component in 
a healing environment for pediatric patient rooms.  This is expected to provide 
empirically-based knowledge regarding appropriate color selections for pediatric 
populations.  The aims of this study are: 
1.  To investigate pediatric patients’ color preferences for patient rooms. 
2.  To investigate healthy children’s color preferences for patient rooms. 
3.  To investigate design professionals’ perception of the appropriate colors 
for pediatric patient rooms. 
4. To compare the color preference data derived from the pediatric patients, 
healthy children, and design professionals. 
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1.4 SIGNIFICANCE OF THE STUDY 
In order to address the limitations found in previous research, this study is the 
first to use physical model simulation in order to provide a foundation for environmental 
color studies in real contexts. This research advances the understanding of the value of 
color in a healthcare setting by studying hospitalized pediatric patients’ perceptions of 
color. This knowledge should facilitate improvements in the design of future children’s 
hospitals.  
The practical application of knowledge generated from this study is the 
provision of a body of empirical evidence which informs the selection of color as a 
component in the healing environments of pediatric healthcare settings. This evidence 
will help healthcare providers and professionals select the most appropriate colors for 
pediatric populations.  
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CHAPTER II 
LITERATURE REVIEW 
 
2.1 REVIEW OF COLOR STUDIES 
There are numerous studies in the field of psychology which demonstrate the 
relationship between human behavior and color. However, color studies in the 
environmental design field are almost non-existent. The following section is a review of 
literature regarding human physiological and psychological responses to color properties. 
 
2.1.1 Preferences to Color 
Numerous studies have found variations in color preferences across age, gender, 
and culture, and most literature suggests age differences in color preferences. Cultural 
and gender effects have been found, but contradictions also exist. In addition, previous 
color studies were mostly done with small color chips or papers which can be different 
from seeing a color applied on one or more wall surfaces. Therefore, further 
investigations are necessary for more rigorous inferences. 
 
2.1.1.1 Important Factors for Color Preferences 
According to the Munsell color system, a color is characterized by three 
attributes: hue, saturation (chroma), and brightness (value). Color preferences can be 
influenced not only by those color attributes, but also light sources, background colors, 
culture, or psychological factors. Saturation and brightness also impact color preferences. 
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Preferences and emotional associations related to a color can be influenced by 
brightness or saturation (Guilford & Smith, 1959; Sivik, 1974); however, saturation has 
been found to be more important than hue in terms of affecting people’s perception of 
which color is more calming or exciting (Mikellides, 1990). Additional variables 
included types of light sources or background colors (Helson & Lansford, 1970), the 
effect of context (Guilford & Smith, 1959), and cultural factors (Gesche, 1927; 
Choungourian, 1968; Wiegersma & De Klerck, 1984; Reddy & Bennett, 1985; Saito, 
1996). 
These confounding variables must be carefully controlled for in a successful 
color study. Unfortunately, the majority of color preference studies fail to control color 
attributes (hue, brightness, or saturation) or light sources (Child, Hansen, & Hornbeck, 
1968; Meerum Terwogt & Hoeksma, 1995). 
Guilford (1934) attempted to demonstrate the effects of the three dimensions of 
color – hue, brightness (tint), and saturation (chroma) – and affective value. He found 
linear relationships between affective values and both brightness and saturation when 
hue remained constant. With a constant hue, Guilford concluded that people preferred 
lighter and more saturated colors to darker and less saturated. With constant brightness 
and saturation, blue, green, and red were more preferred, and yellow and orange were 
less preferred.  
Granger (1955) conducted a well-controlled color study to find a general order 
of color preference and gender effect with fifty subjects representing a wide range of 
occupations. Confounding variables such as light source and background color were 
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controlled, and color specimens were used from the Munsell color system. The research 
results indicated that wavelength was the most important determinant for hue 
preferences, and highly saturated colors were more preferred. In other words, the short-
wavelength colors such as blue and green were preferred to long-wavelength colors such 
as yellow and red; and the more intense the color, the more preferred. There were no 
gender differences among these preferences. 
Guilford and Smith (1959) conducted a systematic study of the roles that hue, 
brightness, and saturation played in an eleven-point pleasantness scale. Guilford and 
Smith found that the range of green to blue was most preferred, and the range of yellow 
and yellow-green was least preferred when brightness and saturation were kept constant. 
They also found a positive curvilinear relationship between brightness and affective 
value.  
Child, Hansen, and Hornbeck (1968) investigated children’s color preferences 
using more than 1,100 students age 6 to 18. They also found that children’s color 
preferences were a positive function of saturation; in other words, more saturated colors 
were preferred to less saturated ones. With increasing age, saturation became less 
important than hue as a determinant of color preference. Blue and green were preferred 
at all ages. No significant gender or brightness effects were found, but there was a 
general tendency for their subjects to prefer brighter colors. Additional studies have 
supported Child, Hansen, and Hornbeck’s (1968) findings. Younger children preferred 
long-wavelength colors, such as red and yellow, to short-wavelength colors, such as blue 
and green (Palmer, 1973; Adams, 1987; Zentner, 2001). 
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Color brightness may be correlated with emotional reactions. Many researchers 
have indicated that bright colors elicit positive emotional associations, and dark colors 
elicit negative emotional associations at all ages and genders (Boyatzis & Varghese, 
1994; Hemphill, 1996; Zentner, 2001). 
Among many variables, saturation and brightness most strongly influence color 
preferences. Saturation and brightness determine color preferences within the same hue 
family; in other words, highly saturated and brighter colors are usually preferred. When 
saturation and brightness are kept constant, the short-wavelength colors such as blue and 
green are preferred to the long-wavelength colors such as yellow and red. Brightness has 
a relationship to emotional responses; therefore it can be inferred that brighter short-
wavelength colors are more likely to produce positive emotional responses. 
 
2.1.1.2 Studies on Age Differences 
Infants less than 5 months old showed a preference for chromatic over 
achromatic stimuli, but they did not show preferential responses to different chromatic 
stimuli before the third month (Adams, 1987). Red was highly preferred by younger 
children (Adams, 1987; Bornstein, 1975; Zentner, 2001), but that preference dropped in 
the first grade and blue tended to be preferred more with increasing age (Garth & Porter, 
1934). The preference for green was found to be low for younger children, but increased 
with age as well (Choungourian, 1969; Dittmar, 2001; Meerum Terwogt & Hoeksma, 
1995). 
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For adults, blue was a predominantly preferred color for Americans (Eysenck, 
1941; Guilford & Smith, 1959; Simon, 1971; Valdez & Mehrabian, 1994), Swiss 
(Zentner, 2001), Japanese, Chinese, and Indonesians (Saito, 1996), Australians 
(Trueman, 1979; Hemphill, 1996), Dutch (Meerum, Terwogt, & Hoeksma, 1995), and 
Kenyans (Philbrick, 1976). Yellow was least preferred by American adults (Eysenck, 
1941; Guilford & Smith, 1959; Valdez & Mehrabian, 1994), German adults (Dittmar, 
2001), and Turkish adults (Camgöz, Yener, & Güvenç, 2001).  
Dittmar (2001) investigated the effect of ageing on color preferences using 842 
subjects. For younger and older adults, blue was the most preferred color and yellow was 
the least preferred. As age increased, the adult preference for blue decreased gradually, 
whereas the preference for green and red increased. The researcher concluded that adult 
color preferences change throughout the adult life span. The author discussed that 
reductions in color discrimination and visual imagery ability may influence color 
preferences. 
 
2.1.1.3 Studies on Gender Differences 
The majority of color preference studies have not supported a gender effect in 
children and adults (Child, Hansen, & Hornbeck, 1968; Dittmar, 2001; Granger, 1955; 
Mather et al., 1971; Tate & Allen, 1985; Wijk et al., 1999). However, Ellis and Ficek 
(2001), Silver and Ferrante (1995), and Silver et al. (1988) indicated that blue was 
preferred more by adult males than by adult females as the most preferred color; yet blue 
was still the most preferred color (followed by red) for both genders. It has been 
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observed that males consider the range of cool colors most pleasant, whereas females 
consider the range of warm colors most pleasant (Helson & Lansford, 1970). 
 
2.1.1.4 Studies on Cultural Differences 
Culture seems to impact color preferences. While blue was most preferred by 
Caucasian children in grades 1 through 10 (Garth, 1924), red was selected most often as 
a favorite color by Mexican children in grades 1 through 7 (Gesche, 1927), 11 to 21-
year-old full blood Native Americans (Garth, 1922), as well as 6 to 17-year-old Filipino 
children (Garth & Collado, 1929). However, Palmer (1973) found no differences among 
Caucasian and African-American children. Table 2.1 summarizes color preferences of 
children with different cultural backgrounds. 
 
TABLE 2.1 
Color Preferences of Children with Different Cultural Backgrounds 
Author Subject Color Rank Order From Most preferred 
Gender 
Effect 
Garth, 1922 
 
559 full-blood Indians 
174 mixed-blood Indians 
RBVGOYW 
BRVWGOY 
No 
No 
Garth, 1924 560 Caucasians BGRVOYW No 
Garth & Collado, 1929 1,004 Filipinos RGBVOWY No 
Gesche, 1927 1,152 Mexicans RGBVOWY No 
Meerum Terwogt & 
Hoeksma, 1995 
24 of 7 year old children 
24 of 11 year old children
BYRWGK 
BRYWGK 
No 
No 
Mercer (in Gesche, 1927) 1,006 Blacks BOGVRYW N/A 
Palmer, 1973 80 Caucasians & Blacks RBYWK No 
Zentner, 2001 103 Swiss Caucasians RPBYGNK No 
NOTE: B-blue, G-green, K-black, N-brown, O-orange, P-pink, R-red, V-violet, W-white, Y-yellow 
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Within limited color samples (red, orange, yellow, green, blue, and purple), 
yellow was less preferred by school children of Caucasian (Garth, 1924), Native 
American (Garth, 1922), Mexican (Gesche, 1927), and Filipino backgrounds (Garth & 
Collado, 1929). When adding more color samples to the available choices, dark colors 
(such as black and brown) were the least preferred for Caucasian children (Hurlock, 
1927; Zentner, 2001). It is worth noting that these studies did not look at color applied in 
full scale environments. Table 2.2 presents a summary of color preference studies on 
children. 
 
TABLE 2.2 
Color Preference Studies on Children 
Authors Subjects Variables Findings  
Adams, 
1987 
 
80 children 
and adults 
 
 
Blue, Green, 
Yellow, Red, 
Gray 
 
• All subjects preferred the chromatic colors 
over gray (achromatic) 
• 3-month-olds preferred the long-wavelength 
colors (Red, Yellow) to the short-wavelength 
colors (Blue, Green), whereas adults showed 
the opposite pattern of preference 
• Infants preferred chromatic over achromatic 
stimuli, but infants do not show preferential 
responses to different colors before the third 
month of age 
• Human color preference changed with age 
 
Boyatzis & 
Varghes, 
1994 
 
60 children 
 
 
Blue, Red, 
Green, Yellow, 
Purple, Pink, 
Brown, Gray, 
Black 
• Boys preferred: blue (26%) 
• Girls preferred: pink (50%) 
• All children showed more positive responses 
for bright colors (blue, green, red, yellow, 
purple, pink) than for dark colors (brown, 
gray, black) 
• Children’s emotional responses to bright 
colors tended to be positive with increasing 
age 
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TABLE 2.2 (Continued) 
 
Authors Subjects Variables Findings  
Child, 
Hansen, & 
Hornbeck, 
1968 
 
More than 
1,100 
children 
Multiple color 
pairs 
• Cool colors (blue and green) were preferred at 
all ages from 6-18. 
• Preference was a positive function of 
saturation 
• No significant brightness effect, but there was 
a general tendency to prefer higher brightness
• With increasing age, saturation became less 
important than hue as a determinant of color 
preference 
• No gender effect 
 
Fleming, 
Holmes, 
Barton, & 
Osbahr, 
1993 
 
89 children 6 colors 
(Picture test): 
Blue, Yellow, 
Red, Green, 
Brown, Black 
 
8 colors 
(Lüscher color 
test): Blue, 
Yellow, Red, 
Green, Violet, 
Brown, Gray, 
Black 
• Well children most preferred blue 
• Among ill children, 7-9 years preferred blue 
(32.5%) and green (35%), 10-12 years 
preferred blue (45.2%) dominantly (next red 
9.7%) 
• Picture test: physically disabled children 
preferred blue (93.7%) more than acutely ill 
children did (57.1%) 
• Lüscher color test: well children most 
preferred green (47.1%) and blue (41.1%), 
whereas ill children most preferred red 
(31.4 %) and blue (19.6%) 
• Unhealthy children selected red most often as 
the first or second favorite color in both the 
Lüscher color test and picture test 
• Health status is an important factor in the 
color selection 
• No gender or cultural difference  
 
Garth, 
1922 
 
559 
children 
 
Blue, Green, 
Red, Yellow, 
Orange, Violet, 
White 
• Full-blood Indians: red, blue, violet, green, 
orange, yellow, white 
• Mixed-blood Indians: blue, red, violet, white, 
green, orange, yellow 
• Caucasians: blue, green, red, violet, orange, 
yellow, white 
• No gender difference among Indians 
 
Garth, 
1924 
 
1,000 
children 
Blue, Green, 
Red, Yellow, 
Orange, Violet, 
White 
 
• Caucasian children: blue, green, red, violet, 
orange, yellow, white 
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TABLE 2.2 (Continued) 
 
Authors Subjects Variables Findings  
Garth & 
Collado, 
1929 
 
1,004 
children 
Blue, Green, 
Red, Yellow, 
Orange, Violet, 
White 
• Filipino children: red, green, blue, violet, 
orange, white, yellow 
• The girls’ preference value to green was 
higher than the boys’ 
 
Garth & 
Porter, 
1934 
 
1,032 
children 
Blue, Green, 
Red, Yellow, 
Orange, Violet, 
White 
• Red was highly preferred by all age-groups 
for children and it dropped in the first grade 
• Blue tended to be more preferred with 
increasing age, and the gap between blue and 
yellow tended to increase with age 
 
Gesche, 
1927 
 
1,152 
children 
Blue, Green, 
Red, Yellow, 
Orange, Violet, 
White 
• Mexicans: red, green, blue, violet, orange, 
white, yellow 
• No gender difference in Mexican children 
• Group differences among Mexicans, whites, 
and full-blood Indians 
-Mexicans: RGBVOWY 
-Whites: BGRVOYW 
-Full-blood Indians: RBVGOYW 
-Mixed-blood Indians: BRVWGOY 
-Southern Blacks: BOGVRYW 
 
Hurlock, 
1927 
 
400 
children 
 
(194 
Caucasians 
and 206 
African-
Americans) 
Green, Red, 
Brown, 
Crimson, Pink, 
Blue, Violet, 
White, Purple, 
Yellow, 
Orange, Gray, 
Black 
 
• Most preferred by both groups: blue and pink 
• Least preferred by both groups: black, brown, 
gray 
• No significant group differences 
Katz & 
Breed, 
1922 
 
2,500 
children 
and adults 
Blue, Green, 
Red, Yellow, 
Orange, Violet 
• Age 5-5: blue was most frequently preferred 
• Age 5-22: blue (47%), green, red, 
violet/yellow, orange 
• As age increased, so did the preference value 
to short wave length colors (green, blue, 
violet) and the preference value to long wave 
length colors decreased (red, yellow, orange)
• No gender difference 
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TABLE 2.2 (Continued) 
 
Authors Subjects Variables Findings  
Meerum 
Terwogt & 
Hoeksma, 
1995 
 
72 children 
and adults 
Blue, Red, 
Green, Yellow, 
Black, White 
• 7 years old preferred: blue, yellow, red, white, 
green/black 
• 11 years old preferred: blue, red, yellow, 
white, green/black 
• Adults preferred: blue, red, green, white, 
yellow/black 
• The preference for yellow decreased with age, 
whereas the preference for green increased 
with age 
 
Palmer, 
1973 
 
80 children 
 
 
Red, Yellow, 
Blue, Black, 
White (flesh 
tone) 
• Preference order: red, blue, yellow, 
white/black 
• No significant preference difference occurred 
as a function of race, age, or neighborhood of 
residence 
 
Zentner, 
2001 
 
106 
children for 
color 
preference 
 
103 
children for 
emotion to 
colors 
 
Red, Yellow , 
Dark Blue, 
Bright Blue, 
Dark Green, 
Bright Green, 
Pink, Brown, 
Black 
• 3 years old preferred: red, pink, dark blue, 
yellow, bright green, bright blue, dark green, 
brown, black 
• Adults preferred: dark blue, bright blue, red, 
dark green, yellow, black, bright green, pink, 
brown 
• No gender stereotype effect such as “pink is 
for girls” or “blue is for boys” 
• Both genders preferred bright colors (red, 
yellow, green) to dark colors (blue, brown, 
black) 
• Associations of happy with bright colors and 
sad with dark colors is established by 3 years 
of age 
• 3 years old and adults: yellow is most often 
matched with happy and blue is most 
associated with sad 
 
 
 
For adults, Choungourian (1968) reported cultural differences in color 
preference among 160 American, Lebanese, Iranian, and Kuwaiti university students in 
Beirut, Lebanon. While red and blue were preferred by Americans, those colors ranked 
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lowest for Kuwaitis. Blue-green was least preferred by Americans, but was most 
preferred by both Iranians and Kuwaitis. Wiegersma and De Klerck (1984) conducted a 
color preference study with 152 university students in the Netherlands. They used the 
Color Name Method which asks subjects to write down the name of a color instead of 
the Color Stimulus Method in isolation using color chips or papers. Unlike Americans’ 
tendency to prefer blue, red was most preferred among the Dutch (43%), followed by 
blue (22%), green (9%), and so on. Wiegersma and De Klerck concluded that 
Americans’ tendency to prefer blue is culture-dependent. Reddy and Bennett (1985) 
investigated cultural differences in color preferences by adults from three different 
nationalities. Random sets of 12 colors were presented to eighteen Americans, ten 
Indians, and seven Nigerians. Americans and Indians preferred blue, but Nigerians 
preferred red-purple to blue. They also found a significant difference regarding the 
preference for brightness and saturation of colors. Highly saturated colors were preferred 
by Americans but saturation was not very important for the other groups; bright colors 
were preferred by Indians and Nigerians. Saito (1996) investigated color preferences in 
Asian populations and found a strong preference for white for Japanese, Chinese, and 
Indonesians. While strong preferences for vivid blue, light green, vivid red, and white in 
all three groups were found, group differences were also observed. Japanese preferred 
metallic and pale tone colors and disliked light grayish and dull tone colors. On the other 
hand, Indonesians preferred achromatic tones and disliked vivid tones, pale tones, 
metallic and bluish colors. Chinese showed a preference for vivid tones and a dislike for 
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achromatic and dark tones. The author concluded that color preference can be influenced 
by environmental variables such as cultural and geographical factors. 
There have also been contradictions regarding cultural differences. With 
21,060 adults of various ethnic and national backgrounds, Eysenck (1941) found that 
highly saturated colors were preferred in the following order: blue, red, green, violet, 
orange, and yellow. Eysenck concluded that there are no cultural differences in color 
preferences since this order does not differ in the average ranks between Caucasians and 
non-Caucasians.  
 
2.1.2 Physiological Responses to Color 
The physiological indicators commonly used for measuring arousal are 
Electroencephalogram (EEG), which indicates the changes in the electrical activity in 
the brain, Galvanic Skin Response (GSR), which shows the changes in the skin 
conductance or resistance, and Alpha Attenuation Response (AAR), which measures 
arousal through the changes in the alpha wave frequency in the human brain (Beach, 
Wise, & Wise, 1988).  
Goldstein (1942) attempted to develop a theory based on observations and 
experimentation on patients with organic diseases of the central nervous system. 
Goldstein noticed differential effects on motor function and distortions in estimation of 
time, size, and weight when patients were exposed to green or red colors. He observed 
that green color brought the patients’ behavior nearer to normality and red color 
increased their abnormality. He mentioned the limitation of generalizeability, because 
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this study was conducted using special patients and these effects of colors was context-
dependent. Norman and Scott (1952) pointed out that Goldstein’s (1942) experiments 
were conducted on a small group of patients (3-5) and no statistical analyses of his 
observations were offered, so they questioned the extent of application to normal people.  
Gerard (1958; 1959) studied the effects of colored screens projected by red, 
blue, and white light. Twenty-four males’ blood pressure, palmary conductance, 
respiration rate, heart rate, eye blink frequency, and EEG were measured while they 
were exposed to each light for a total of ten minutes. He found statistical differences 
between the responses to red and blue lights for all physiological measures except heart 
rate.  
Gerard (1958) argued that red light was more arousing than blue light on visual 
cortical activity and functions of the autonomic nervous system. He found that red 
increased blood pressure, respiration, and frequency of eye blink, whereas blue had the 
opposite effect. He proposed that responses to colors are predictable because they result 
in changes to the whole organism. 
Erwin, Lerner, Wilson, and Wilson (1961) investigated arousal level by 
measuring suppression of alpha waves. Subjects were exposed to red, blue, green, and 
yellow colors for five minutes each. They found that the duration of alpha wave onset 
was shortest for the green, but they could not find a significant difference in arousal 
among others.  
Wilson (1966) presented highly saturated red and green slides to twenty 
subjects by alternating the slides in one minute exposures for a total of 10 minutes. He 
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found that the GSR was higher in the red condition than in the green. He concluded that 
the findings support for the hypothesis that red is more arousing, more stimulating, or 
more exciting. He speculated that colors at the ends of the visible spectrum are more 
arousing than those in the middle. 
Nourse and Welch (1971) tested Wilson’s (1966) finding that red is more 
arousing than green. Fourteen undergraduates were shown green and violet lights in 
alternating order with one minute intervals for a total of six minutes. The GSR rates 
were significantly higher in the violet light condition than the green light for the first 
trial, but they could not find this difference in the later trials. They also found an 
interaction between color and order because the violet-green difference in terms of 
arousal was much more significant for the subjects who were exposed to the green light 
as their first color in the session than for subjects experiencing the violet condition.  
Ali (1972) investigated patterns of EEG recovery under red and blue lights. 
Subjects were exposed to red or blue light for either 5 or 10 minutes. He found more 
arousal when his subjects were exposed to red light than blue light.  
Jacobs and Hustmyer (1974) found red was significantly more arousing than 
blue or yellow, and green more than blue. The researchers showed color slides (red, 
yellow, green, and blue) for one minute each with one minute white slide intervals to 
their subjects. Twenty-four subjects’ GSR, heart rate, and respiration were measured. 
They observed significant differences in GSR but not in heart rate and respiration. They 
found that the most arousing color was red, followed by green, yellow, and blue (with 
the latter being the least arousing). They concluded that the significant color effect on 
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GSR between red and blue (with no significant color effect on heart rate) were consistent 
with Gerard’s (1958) findings, but an absence of color effect on respiration diverged 
with Gerard’s work. Caldwell and Jones (1985) found no significance in the effect of red, 
blue, or white colored light on eye-blink frequency, skin conductance, finger pulse 
volume, heart rate, or EEG measurements. 
Fehrman and Fehrman (2004) reported on the effects of blue, red, and yellow 
on task performance and arousal for the effective color selection of interior spaces. The 
saturation and brightness of the colors were precisely controlled in order to demonstrate 
the effect of hue. Forty-two subjects performed mathematical exercises, reading, and 
motor activity tasks in colored rooms while their GSR and pulse rate were measured. 
The researchers found that those who experienced the colors of equal saturation and 
brightness had comparable arousal and task performance scores. Their findings did not 
support the hue effect that red is more arousing than blue.  
 
2.1.3 Emotional Responses to Color 
Jacob and Suess (1975) investigated the effects of the four primary colors on 
anxiety states. Forty subjects were asked to state their perceived anxiety levels on a self-
report assessment instrument while receiving either red, yellow, green, or blue 
illumination. The results showed that those who were in the red and yellow rooms had 
significantly higher anxiety scores than those who were in the blue and green rooms. 
Kwallek, Lewis, and Robbins (1988) examined the effects of a red colored 
office versus a blue one on subject productivity and mood. Thirty-six subjects were 
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given typing tasks and then asked to state their mood on the Eight State Questionnaire in 
either a red or blue office. They found an effect on the total number of errors made on 
the typing task. Participants who moved into a different colored room made significantly 
more errors than those who entered the same colored room. On the mood questionnaire, 
there were no group differences. However the mean anxiety score was highest for those 
who were in the red room, the mean depression score was greater for those who were in 
the blue room than for any others, and the mean arousal score was greater for subjects 
who switched to a different colored office. The authors suggested that red may be related 
to anxiety, that blue may be related to depression, and that changes in environments may 
produce arousal.  
Kwallek and Lewis (1990) investigated effects of environmental color on 
gender using a red, white, and green office. The experiment assessed worker 
performance in proofreading and mood under different colored office environments. 
Greater errors were expected from subjects in the red room because of the notion that red 
might have a more arousing effect which produces more tension. However, the results 
were opposite in that subjects in the red office performed better than those who were in 
the white office. Females performed significantly better on the proofreading task and 
reported more tension than males.  
Weller and Livingston (1988) examined the effect of colored-paper on 
emotional responses obtained from questionnaires. Six different questionnaires were 
designed and compiled in this order: pink – guilty, pink – not guilty; blue – guilty, blue – 
not guilty; white – guilty, white – not guilty. These were distributed to 221 college 
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students. The subjects were given three cases, each describing a murder or rape, and 
asked to answer a set of eight questions for each case. They found that those who 
responded on pink questionnaires were less emotionally upset than those who answered 
on either blue or white questionnaires.   
Boyatzis and Varghese (1994) investigated children’s color and emotion 
associations. Sixty children were equally divided into two groups of 5 year olds and 6.5 
year olds. The children were asked their favorite color and then shown nine different 
colors. The children were asked to state their emotional feeling for each color. They 
found that children showed positive emotions to bright colors (pink, red, yellow, green, 
purple, or blue) and negative emotions for dark colors (brown, black, gray). Boys 
showed more positive emotional associations with dark colors than girls did. 
Hemphill (1996) examined adults’ color and emotion associations and 
compared them with the findings by Boyatzis and Varghese (1994). Forty subjects were 
asked to fill out a questionnaire about their favorite color, the major color they were 
wearing, their emotional feelings to colors, and the reasons for their choices. The 
researcher found that bright colors were associated with mainly positive emotions and 
dark colors were associated with negative emotions. These results were consistent with 
the findings for children by Boyatzis and Varghese (1994). Adult women responded 
more positively to bright colors than adult men, which also confirm the finding by 
Boyatzis and Varghese (1994) that boys were more likely to respond positively to dark 
colors than girls. Red was associated with excitement, which supports Boyatzis and 
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Varghese’s (1994) finding that children associated red with excitement and happiness. 
Blue was the most preferred color in terms of color itself and clothing choices for adults.  
 
2.1.4 Other Responses to Color 
Houghton, Olson, and Suciu (1940) studied whether temperature changes 
occurred among subjects while they were kept in a room with a constant temperature 
watching screens painted white, red, and blue. They found no significant relationship 
between oral and skin temperatures, pulse rate, or verbal comfort indices and colors. 
Clark (1975) investigated whether wall colors influence perceived temperatures. 
Subjects noticed cold at 75 °F with light blue color in the walls of cafeteria. After 
changing the wall colors to orange, subjects felt too hot at 75 °F and the room 
temperature was changed to 72 °F for their comfort.  
Hanes (1960) attempted to demonstrate the relationship between color and 
spaciousness. In his experiment, subjects were surrounded by three medium gray walls 
and a front wall which consisted of seven replaceable differently colored partitions. The 
subjects sat first in front of the standard gray wall and then were able to adjust their 
position to the differently colored wall until the distance appeared to be the same 
distance as that of the standard wall. The researcher found limited statistical significance. 
All colors except black showed an advancing effect. Pedersen, Johnson, and West (1978) 
also investigated the relationship between color and spaciousness. The ratings for the 
size of rooms painted in cool, warm, or natural colors were investigated. The authors 
found no significant difference in the ratings for the room sizes. 
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Alexander and Shansky (1976) studied the apparent weight of colors. Twenty 
subjects estimated the perceived weight of colors compare to a standard white color. 
They concluded that the perceived weight has a positive relationship to saturation and a 
negative relationship to brightness. 
Smets (1969) asked subjects to estimate the time spent under two different 
lights, red and blue. The researcher found that those who were under the red light 
reported shorter estimations than those who were under the blue. She also pointed out 
that those who with the initial exposure reported shorter time estimations regardless of 
the light sources. 
Fanger, Breum, and Jerking (1977) measured subjects’ skin and rectal 
temperature when they were exposed to blue or red lights. They found that the higher 
temperature was preferred under blue and the lower temperature was preferred under red 
light. However, the effects were minimal (about 0.7 °F).  
Pedersen, Johnson, and West (1978) introduced subjects to identical rooms 
painted and decorated with warm (red, orange, and yellow), neutral (white), or cool (blue 
and green) colors. The subjects were asked to estimate the room temperature and 
dimensions. They found no evidence that room color or decoration influenced subjects’ 
dimensional or temperature estimations. 
Oyama and Nanri (1960) investigated the relationship between perceived size 
and colors. They found that the perceived size of an object has a positive relationship 
with the brightness of the object and a negative relationship with the brightness of the 
background. Egusa (1983) confirmed the relationship between brightness and perceived 
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size and found that hues also have an important role in the perceived depth of objects in 
the space. 
Nakshian (1964) asked 48 subjects to perform a series of nine tasks in three 
differently colored surroundings comprised of painted partitions in red, green, and gray. 
Matched to three Munsell color dimensions, the brightness of the colors were equal, but 
the red was more saturated than the green (5R 4.5/12; 7.5G 4.5/6). He found that only 
two of the nine tasks were significantly better when the subject was surrounded by green 
compared to being surrounded by red.  
Goodfellow and Smith (1973) examined whether red impairs motor 
coordination and blue facilitates it. They found no significant relationship between color 
and motor coordination. Twenty-five women were asked to conduct two psychomotor 
tasks (pursuit rotor and dexterity) in one of five color conditions where a tabletop booth 
was painted red, blue, green, yellow, or gray. The brightness of the colors was fixed at 
medium and their saturation at high. They found no significant relationship between the 
performance of either the pursuit-rotor or the dexterity task and the five colors. 
 
2.1.5 Conclusions 
From the literature, the arousal effect of red was supported by several studies 
measuring physiological responses (Gerard, 1958; Wilson, 1966; Nourse & Welch, 
1971; Ali, 1972; Jacobs & Hustmyer, 1974) and psychological responses (Jacobs & 
Suess, 1975; Kwallek, Lewis, & Robbins, 1988). However, Beach, Wise, and Wise 
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(1988) have pointed out that the arousal effect of color is temporary, particularly in 
context, so long-term effects are not necessarily warranted. 
Emotional associations with colors were also suggested. Brighter colors have a 
positive relationship with positive emotions; in contrast, darker colors elicit negative 
feelings (Boyatzis & Varghese, 1994; Hemphill, 1996). 
Despite subject characteristics, variables controlled for, measures used, and 
type of statistical analysis, a general conclusion drawn is that human color preferences 
change with age (Katz & Breed, 1922; Adams, 1987; Dittmar, 2001); this suggests a 
developmental effect. Slight gender differences were observed; females tend to prefer 
warm colors, whereas males tend to prefer cool colors. Cultural differences in color 
preferences are not widely studied, though culture does seem to impact them. 
In general, younger children tended to prefer red the most when looking at 
small color chips or papers, while adults preferred blue the most; the least preferred 
color among all age groups tended to be yellow. With increasing age, the adult 
preference for blue decreased gradually, whereas the preference for green and red 
increased. 
Preferences and emotional associations related to a color can be influenced by 
brightness or saturation (Guilford & Smith, 1959; Sivik, 1974; Boyatzis & Varghese, 
1994; Hemphill, 1996), light sources or background colors (Helson & Lansford, 1970), 
context (Guilford & Smith, 1959), and cultural factor (Gesche, 1927; Choungourian, 
1968; Wiegersma & De Klerck, 1984; Reddy & Bennett, 1985; Saito, 1996). These 
confounding variables must be carefully controlled when conducting any color study.  
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Based on previous studies, the consistent trend is that blue is one of the most 
preferred colors and that brightness and saturation have a relationship to emotional 
responses. However, the majority of color preference studies failed to control the 
confounding variables such as color attributes (hue, brightness, or saturation) and light 
sources (Child, Hansen, & Hornbeck, 1968; Meerum Terwogt & Hoeksma, 1995). A 
well controlled color preference study of 7 to 11 year old children appears to be non-
existent.  
For example, Fleming, Holmes, Barton, and Osbahr (1993) found that most 7 
to 12 year old unhealthy children preferred red as compared to healthy children’s 
preferences for blue and green. They concluded that health status is an important factor 
in color selection. However, the light sources were not controlled and they used the color 
stimulus in isolation. Therefore, the effects of color on pediatric patients are still 
inconclusive and a well-controlled investigation in a real context is necessary.  
 
2.2 REVIEW OF RESEARCH METHODOLOGY 
Scientific research means reviewing a concept through observation in order to 
test a theory or hypothesis in order explain a phenomenon. The presupposed theory and 
hypotheses are tested by systematic observations to make a general explanation for the 
natural phenomena. Experiments are useful to explore the phenomena because they 
involve testing hypotheses and investigating cause-and-effect relationships (Sommer & 
Sommer, 1997; Zeisel, 1981).  
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Experiments are characterized by the manipulation of independent variables and 
identifying possible cause-and-effect relationships between an independent variable and 
a dependent variable (Sommer & Sommer, 1997). Types of experiments are categorized 
by the degree of random assignment of subjects to the various conditions; they are true 
experiments, quasi-experiments, and single-subject experiments (Sommer & Sommer, 
1997). True experiments require unbiased random assignment of subjects to treatment 
groups and the researcher’s ability to manipulate independent variables directly. Quasi-
experiments lack the random assignments of subjects because of external circumstances 
often encountered in the field. Single-subject experiments conduct all treatment using 
only one subject.  
Rigorous experiments are typically done in a laboratory where it is possible to 
control variables. The major advantage of these experiments is their ability to establish 
causal relationships; quasi-experiments do not establish causal relationships to the same 
degree as true experiments since experiments in the field routinely encounter 
uncontrollable factors (Sommer & Sommer, 1997). The advantage of quasi-experiments 
is their higher generalizeability because of their naturalness when compared to the 
artificiality of true experiments (Sommer & Sommer, 1997). 
 
2.2.1 Methodology in Color Studies 
Reviews of research methodology focus on the topics of color effects and are 
helpful in enabling the researcher to find appropriate methods for research design. Table 
2.3 summarizes the types of research methodologies in the literature related to color 
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studies. According to the table, typical research methods in color studies are experiments 
with questionnaires or physical measures.  
 
TABLE 2.3 
Research Methodology Reviews in Color Study 1922-2004  
Methodologies Literature Examples in Color Studies 
Experiment with 
questionnaire (34) 
Adams, 1987 
Bornstein, 1975 
Boyatzis, & Varghese, 1994 
Camgöz, Yener, & Güvenç, 2001 
Child, Hansen, & Hornbeck, 1968 
Choungourian, 1969 
Dittmar, 2001 
Ellis & Ficek, 2001 
Eysenck, 1941 
Garth, 1922, 1924 
Garth & Collado, 1929 
Garth & Porter, 1934 
Gesche, 1927 
Granger, 1955 
Guilford, 1934 
Guilford & Smith, 1959 
Helson & Lansford, 1970 
Hemphill, 1996 
Hurlock, 1927 
Jacobs & Suess, 1975 
Kwallek & Lewis, 1990 
Kwallek, Lewis, & Robbins, 1988 
Meerum, Terwogt, & Hoeksma, 1995 
Palmer, 1973 
Philbrick, 1976 
Reddy & Bennett, 1985 
Saito, 1996 
Silver & Ferrante, 1995 
Simon, 1971 
Trueman, 1979 
Valdez & Mehrabian, 1994 
Weller &Livingston, 1988 
Zentner, 2001 
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TABLE 2.3 (Continued) 
 
Methodologies Literature Examples in Color Studies 
Experiment with physical 
measures (9) 
Ali, 1972 
Caldwell & Jones, 1985 
Erwin, Lerner, Wilson, & Wilson, 1961 
Fehrman & Fehrman, 2004 
Gerard, 1958, 1959 
Jacobs &Hustmyer, 1974 
Nourse & Welch, 1971 
Wilson, 1966 
 
Lüscher Color Test (2) Fleming, Holmes, Barton, & Osbahr, 1993 
Garvey & Luxenberg, 1987 
 
Color Name Method (1) Wiegersma & De Klerck, 1984 
 
Interview (1) Karp & Karp, 1987 
 
 
 
The self-administered questionnaire is a frequently-used tool in survey research 
and it is efficient in terms of time, cost, and effort. Questionnaires refine researcher’s 
thoughts and provide useful data when problems are well defined by the researcher 
(Zeisel, 1981). Questionnaires are better suited for identifying opinions rather than 
behavior (Sommer & Sommer, 1997). The advantage of questionnaires is to guarantee 
the consistency of measurement since all subjects are asked the same questions in the 
same manner (Sommer & Sommer, 1997). The disadvantage of questionnaires is that 
they are not appropriate for those who are very young, old, or busy with other activities; 
and they are also limited to investigating profound motivation on intricate issues 
(Sommer & Sommer, 1997).  
In the assessment of children’s color preferences, the Pediatric Quality of Life 
Inventory (PedsQL) can be used. The PedsQL is a self-administered research instrument 
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for measuring pediatric patients’ and parents’ evaluations of health-related value (Varni, 
Seid, & Rode, 1999; Varni, Seid, & Kurtin, 2001). Varni, Seid, and Rode (1999) tested 
both the reliability and validity of this instrument and the results support the PedsQL as a 
reliable and valid measure of health-related value. The PedsQL can be used in various 
types of applied and clinical research for pediatric patients and children aged two to 
eighteen (Varni, Seid, & Rode, 1999). An adaptation of the PedsQL was utilized in order 
to measure participants’ preferences to colors. The modified PedsQL employed an 
analogue scale which consists of a happy face and a sad face at the end of a 10 
centimeter horizontal line. This happy and sad face appearance helps children express 
their color preferences easily without long written or verbal instruction. Color 
preferences can be measured on a 10 cm horizontal line and the marked preferences can 
be converted to 0 to 100 points with 1 mm equivalent to 1 point. 
An experimental design was employed for this study in order to investigate the 
value of color on children. With a randomly assigned study population, colors as 
independent variables were manipulated by the researcher.  
 
2.2.2 Environmental Simulation 
Colors need to be studied in real contexts because they are experienced in 
environments where complex patterns interact with perception and behavior (Tofle, 
Schwarz, Yoon, & Max-Royale, 2004). As stated above, color preferences are subject to 
influence from an array of factors but the majority of them fail to control confounding 
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variables properly (Child, Hansen, & Hornbeck, 1968; Meerum Terwogt & Hoeksma, 
1995). Therefore, experiments must be carefully controlled in order to maintain validity.  
To investigate the value of color in real contexts and to control for the 
confounding variables, simulations were considered due to their inherent feasibility and 
reliability. For example, simulations can support environmental effect assessments as 
data and a controlled stimulus (Sheppard, 1989); they can also deal with environments 
where preferences or responses are sought to different styles of environments or views 
(Sanoff, 1991). The major advantage of simulations is that they can be designed to 
control variables and environmental change without actual construction for purposes of 
academic research and statistical analysis (Sanoff, 1991).  
The reliability of data obtained from a simulation compared to those from real 
settings has been debated because simulations vary in their levels of detail and this can 
make it difficult to generalize results. The more accurate the simulation is representing a 
context, the more reliable the results will be to those obtained them in a real context 
(Sanoff, 1991). Examples of demonstrating the reliability of simulations are as follows. 
De Long (1976) conducted a study to demonstrate whether data collected in 
scale-model simulations are a reliable representation of those obtained under real 
settings. The author replicated a study about the distance for a comfortable conversation 
by Sommer (1969) through the use of 1:12 scale model settings. With two sofas in a 
large lounge, the most comfortable distance for conversation and a sudden shift from 
models sitting across from one another to sitting side-by-side were measured. With 
descriptive analysis, the data obtained from the scale-model environment were reliable 
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to those of Sommer’s study. De Long concluded that the perception of spatial features in 
the scale-model environments was faithful to the sense of spatial features in the real 
world.  
Baird, Cassidy, and Kurr (1978) conducted an experiment on room preference 
with different ceiling heights where participants were asked to imagine presumed user 
activities (talking, listening, reading, dancing, dining, and no activity). One group was 
tested for their preferences on 1:12 scale-model rooms and the other group participated 
in a real room with an adjustable ceiling. The analysis demonstrated a fit between data 
obtained from the small scale model rooms and those from the realistic setting. They 
concluded that the general characteristics of preference functions are reliable when the 
stimulus is a model room on the scale of one inch to one foot (i.e. 1:12 scale). 
 
TABLE 2.4 
Age-Appropriate Research Methods in Environmental Design Research  
 Appropriate Age Categories 
Survey Instruments Infants Preschool Children 
School 
Children Adolescents
Open-ended Questions    Ο 
Directed Questions    Ο 
Likert Scale    Ο 
Semantic Differential    Ο 
Cognitive Mapping   Ο Ο 
Photographic Simulation  Ο Ο Ο 
Games   Ο Ο Ο 
Scale Model Simulation  Ο Ο Ο 
Source: Adapted from Lozar, 1974. 
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Table 2.4 presents a summary of age-appropriate research methods for use in 
environmental design research offered by Lozar (1974). Scale model simulation for this 
study was considered an appropriate method for preschool children up to adolescents.  
Sheppard (1988) suggested five principles in order to create good and valid 
simulations: representativeness, accuracy, visual clarity, interest, and legitimacy. 
Important views should be employed to represent conditions in reality that would be 
experienced by a significant number of people. The appearance of simulations should be 
clear and realistic in detail, parts, and overall design when compared to a similar real 
context and participants’ attention should be captured in order to elicit their responses. 
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CHAPTER III 
THEORETICAL FOUNDATION OF RESEARCH 
 
3.1 THEORETICAL FRAMEWORK OF THE STUDY 
3.1.1 Conceptual Model of the Study 
Humans rely strongly on vision for every aspect of life. Seeing is impossible 
without light, and so is perceiving color. Color is often taken for granted since it 
surrounds us from birth; people consider color to be simple, but it has a profound impact 
on human psychological and physiological responses (Manke, 1996). Color serves as an 
important signaling function and helps people perceive objects. Humans react 
emotionally to colors and give special meanings to them. 
Color is closely linked to electromagnetic wavelengths (another form of light 
that can be measured by frequency) because they activate the visual receptors on the 
retina known as rods and cones; the receptors then transform the wavelengths into neural 
energy which initiates neural processing in the central visual system. Since such 
wavelengths can be measured on any object, it is possible to generate a systematic 
structure of color application based on natural order; color can then be used as an 
architectural quality in a systematic way to create a harmonious feeling which promotes 
the occupants’ well-being (Marberry & Zagon, 1995). Physical environmental qualities 
such as color, noise, temperature, or odor can cause discomfort if they do not meet 
individual needs (Cassidy, 1997). This is more serious for the well-being of vulnerable 
people such as children, the elderly, or health care patients. 
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Sherman, Shepley, and Varni (2005) propose a conceptual model which 
indicates that physical environments can influence children’s health-related outcomes in 
many ways. They propose that, “this relationship between the physical environment and 
health/HRQOL outcomes is at least partially mediated by environmental satisfaction and 
its components” (Sherman, Shepley, & Varni, 2005, p. 214). Figure 3.1 shows the 
conceptual model of the effects of physical environments on children’s well-being. 
 
Physical Environment
-Nature (pristine & landscape)
-Noise
-Crowding (social & spatial)
-Single vs. Shared Room
-Spatial arrangement
-Art/Decorations
-Lighting
-Temperature
-Music
Environmental 
Satisfaction
-subjective appraisal 
of environment
-feeling of control 
over the environment
Health/HRQOL Outcomes
-Physical
-Psychological/Emotional
-Cognitive
-Behavioral/Role
-Social
 
 
 
NOTE: Dotted arrows indicate role of Environmental Satisfaction as mediator; Solid arrow indicates 
direct effects of the Physical Environment on Health/HRQOL Outcomes. 
 
Figure 3.1: Conceptual Model of the Effects of Physical Environments on Children’s 
Health-Related Outcomes 
Source: Adapted from Sherman, Shepley, & Varni, 2005. 
 
The role of environmental satisfaction as a mediator between the physical 
environment and children’s health is considered a significant indicator and this 
conceptualization is well supported by Thurber and Malinowski (1999), Whitehouse et 
al (2001), and Boman and Enmarker (2004). The Thurber and Malinowski (1999) study 
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showed that, “self-reported negative emotions were associated with low overall 
environmental satisfaction” (p. 487). Whitehouse et al. (2001) indicated that 
environmental satisfaction was associated with positive mood changes. Boman and 
Enmarker (2004) also indicated that general sensitivity to noise was a strong mediator 
between stress symptoms and noise levels.  
Color was not included in their model since environmental color studies are 
few, but color is an important component of the physical environment. As such, color 
preferences can be measured in order to investigate their effects on subjects and their 
environmental satisfaction. Drawing on the model presented by Sherman, Shepley, and 
Varni (2005), the influence of color on health-related outcomes can be explained as seen 
in Figure 3.2. Figure 3.2 describes that color preference can mediate children’s health-
related outcomes through their satisfaction with colors as components of the physical 
environment. 
 
 
 
Figure 3.2: Conceptual Model of the Effects of Color on Children’s Health-Related 
Outcomes 
Physical Environment 
Patient Room Color 
Health-Related Outcomes
Psychological 
Environmental 
Satisfaction 
(Mediator) 
 
- Subjective appraisal 
of color 
- Preferential response 
to color 
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3.1.2 Supportive Healthcare Design Theory 
The physical environment affects our sense of well-being. Since ancient times, 
human connections with nature, fresh air, and sunlight have been identified as influences 
on well-being. Health outcomes are promoted when physical environments provide a 
moderate level of positive stimulation; in other words, if stimulation levels are extreme 
(i.e. too high or too low), the cumulative effect on the patient will be negative on 
wellness (Wohlwill, 1968). There is also increasing empirical evidence that poorly-
designed built environment negatively affects patient well-being (Ulrich, 1991).  
Healthcare designers and providers have engaged in practices to promote 
patients’ health, which focuses on reducing stress and increasing pleasantness. Although 
the contribution of the healthcare environment related to human well-being has not been 
fully quantified, many researchers have investigated the relationships between the built 
environment and human health using psychological and physiological indicators of 
wellness such as measures of stress, mood, productivity, or cognitive performance. 
Design professionals should provide psychologically supportive environments 
because they deal with built environments which can influence a user’s well-being. If 
designers are to be socially responsible, knowledge-based design is critical (Shepley, 
Fournier, & McDougal, 1998). They should thoroughly understand humans’ needs, 
particularly vulnerable population such as children, healthcare patients, and the elderly. 
Many healthcare designers and providers have questioned the impact of built 
environments on health outcomes, but direct empirical evidence has been limited (Ulrich, 
1991). However, general concepts can be generated from a large body of indirect 
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scientific research fields such as clinical psychology, environmental psychology, 
behavioral medicine, and other health-related research (Ulrich, 1991, 2001).  
To outline the fundamental concepts of healthcare facilities design guidelines, 
a supportive healthcare design theory was proposed (Ulrich, 1991). The supportive 
healthcare design theory “is intended to help increase understanding of the needs of 
patients, visitors, and staff in relation to physical environments” (Ulrich, 1991, p. 98).  
It not only helps designers make informed decisions, it also provides researchers a 
guideline for discussing research findings (Ulrich, 1991).  
The key concept of the theory relies on reducing stress. Hans Selye first 
defined stress as stimulus, but he subsequently distinguished stress from stressor by 
using stressor to refer to a stimulus and stress to refer to a response to the stimulus 
(Brannon & Feist, 2000). Lazarus and Folkman later defined stress as, “a particular 
relationship between the person and the environment that is appraised by the person as 
taxing or exceeding his or her resources and endangering his or her well-being” (1984, p. 
19). They view stress as an interaction between the person and the environment and this 
interaction view provides the basis for the ability or inability to deal with a stressful 
event. “Stress is a well-established concept in health related fields, and well over 100 
studies have shown that stress is linked with psychological, physiological, and 
behavioral dimensions of wellness” (Ulrich, 1991, p. 99).  
Users of healthcare facilities such as patients, visitors, physicians, and staff 
experience substantial stress. Typical sources of stress for patients are their diseases 
(impaired physical ability or painful medical treatments) and physical-social 
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environments (noise, lack of privacy, or disconnection with families) (Ulrich, 1991). 
Stress decreases the functionality of the immune system and works against the patient’s 
healing process (Kennedy, Glaser, & Kiecolt-Glaser, 1990). Stress is also a problem for 
visitors, physicians, and staff. Considerable stress for healthcare personnel is linked with 
low job satisfaction and high turnover rates (Shumaker & Pequegnat, 1989). Therefore, 
the supportive healthcare design theory focuses on healthcare environments which help 
people cope with stress and consequently promote wellness. Table 3.1 shows strategies 
for reducing stressors in healthcare facilities design and the following sections describe 
major concepts in the theory (according to Ulrich, 1991, 2001): 
 
TABLE 3.1 
Strategies of Supportive Healthcare Facilities Design  
(per Ulrich, 1991, 2001)  
Concepts  S trategies to Reduce Stressors  
Self-control 
 
• Control over lighting, temperature, and television 
• Accessible gardens for patients 
• Display personal belongings 
• Break areas for personnel 
• Personnel workstations designed to avoid interruptions by visitors
 
Social Support • Overnight accommodations for family members 
• Comfortable waiting areas for visitors 
• Social gathering spaces for patients and visitors 
 
Access to Nature and 
Positive Distractions 
• Window view to nature 
• Access to gardens or nature elements (water, plants, trees) 
• Friendly or caring faces 
• Animals 
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To design healthcare environments which promote wellness, physical and 
psychological stressors must be avoided; physical features or social conditions that elicit 
positive influences must be employed; and patients, visitors, and healthcare personnel 
must be considered as target users. In this regard, three key concepts are introduced in 
order for designing healthcare environments which minimize stressors: self-control, 
social support, and access to nature.  
A sense of self-control has significant influence on stress levels and health-
related outcomes (Steptoe & Appels, 1989). A large body of research has indicated that 
those who posses a sense of self-control cope with stress better than those who do not 
(Evans & Cohen, 1987). Lack of self-control is a major obstacle for patients to cope with 
stress and it is associated with negative effects such as depression, elevated blood 
pressure, or impaired immune system. Elements reducing patients’ sense of self-control 
include noise, difficult wayfinding (Carpman & Grant, 1993), lack of privacy, and 
inaccessibility to controls over lighting and temperature (Winkel & Holahan, 1986). In 
addition to patients, self-control is also important for healthcare personnel because their 
tasks are typically highly demanding so they need break areas to use for escape from 
stressors. 
Patients can have benefits from interaction with others such as family members, 
friends, or caregivers who are supportive and caring. Individuals with high social 
support typically experience less stress and have better health than those who are more 
socially isolated (Cohen & Syme, 1985; Sarason & Sarason, 1985). There are also links 
between low social support and both higher susceptibility of disease and lower recovery 
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(Berkman & Syme, 1979). Although social interaction and support is desirable, 
designers should consider the fact that social interaction which is too intense may result 
in an invasion of privacy. 
Physical environments which provide a moderate level of positive stimulation 
promote people’s well-being (Wohlwill, 1968). If a positive environmental stimulation 
holds a patient’s attention and interest without overstressing them, it may decrease the 
patient’s general stress level and negative thoughts (Ulrich, 1981). Many researchers 
have agreed that significant positive stimulations are typically elements that have been 
important and critical for survival throughout their evolutionary and cultural 
development such as trees, water, animals, and friendly faces (Kaplan & Kaplan, 1989; 
Katcher, Segal, & Beck, 1984; Ohman, 1986; Orians, 1986; Ulrich, 1983; Wilson, 1993).  
Wilson (1984) proposed the Biophilia Hypothesis which essentially states that 
humans’ innate preference to nature has evolved from an evolutionary survival process. 
The term biophilia, literally “love of life”, refers to the manifest attraction to nature 
which is associated with vital biological needs; the developmental process of biophilia 
came about through human evolution being intertwined with the benefits of the natural 
environment (Wilson, 1993). As a result, humans instinctively prefer natural setting or 
environments with natural elements because of their genetic inheritance. In this regard, 
the Biophilia Hypothesis suggests that natural elements have a restorative impact and 
this restoration concept has been well received in environmental design field. 
Natural elements or window views to nature can be effective as positive 
stimulations that provide positive feelings in healthcare environments. Exposure to 
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positive nature scenes provides benefits of emotional improvement and physiological 
changes such as reducing heart rate and lowering blood pressure (Ulrich et al., 1991). 
Surgery patients who had window views to nature took less pain medication and had 
more favorable recoveries than patients who had window views to buildings or brick 
walls (Ulrich, 1984). In addition to research on patients, windowless rooms are also 
stressful for healthy workers (Heerwagen & Orians, 1986; Collins, 1975). 
An important role of designers is to be aware of conflicting needs among target 
users: patients, visitors, staff, etc. It should be kept in mind that these different types of 
users have contradictory needs or perspectives regarding self-control, social support, and 
access to nature. Designers should evaluate and assess pros and cons for each group 
versus the others in making an informed decision for supportive healthcare facilities 
design.  
 
3.2 DEVELOPMENTAL THEORIES 
Age group is important because this study compares children’s preferences to 
adults’, meaning that the two groups must have a similar capability for interaction with 
the research tool. According to Piaget’s cognitive-developmental theory and the theory 
of dual representation, children below a certain age lack the ability to reference symbols, 
or in this case, physical models. Therefore, the children’s age group of seven to eleven 
years is used because they are in the concrete-operational stage according to Piaget’s 
cognitive-developmental theory. Their thinking has become logical (Brainerd, 1978) and 
they are fully developed in representing both the symbol itself and its relation to its 
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referent, i.e. dual representation (DeLoache, Peralta de Mendoza, & Anderson, 1999).  
They are also able to discriminate colors with normal vision. This level of development 
ensures that they can reference the models akin to an adult capacity as well as being able 
to discriminate colors normally. 
 
3.2.1 Cognitive-Developmental Theory 
According to Swiss cognitive theorist Jean Piaget’s cognitive-developmental 
theory, children actively construct knowledge by interacting with their surrounding 
environments (Berk, 2002). Piaget posited that children go through four developmental 
stages in understanding the world, each of which is age-related and distinguished by 
different ways of thinking (Brainerd, 1978). Piaget’s four stages of cognitive 
development are as follows (according to Brainerd, 1978; Berk, 2002): 
In the sensorimotor stage, which lasts from birth to about two years of age, 
infants explore and understand the world by coordinating senses with physical 
movements. Newborns cannot distinguish themselves from the world, but they keep 
developing a sense existence of themselves and objects during this stage; this is the 
development of objectivity. Their sensory system becomes developed and organized, but 
their understanding of the world is limited because they lack internal thought processes. 
The simple connections of sensation and motor actions develops into symbolic, but non-
logical, thinking in the preoperational stage which lasts from approximately two to seven 
years of age. Pre-operational children are able to represent language and recognize that 
objects continue to exist even when they are hidden from view. Although they acquire 
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the recognition of hidden objects, they still lack the ability to perform operations. The 
concept of operation plays an important role in Piaget’s theory of intelligence. 
Operations are the mental power that adolescents and adults possess, but younger 
children do not. Pre-operational children need concrete physical conditions to understand 
the world and are not yet able to conceptualize abstract thoughts. Their thinking is 
egocentric-dominated and irreversible, meaning that they understand the world only 
from their own perspectives.  
 
TABLE 3.2 
Piaget’s Stages of Cognitive Development 
(per Brainerd, 1978) 
 
Stage  Period of Development Characteristics 
Sensorimotor  Birth-2 years • Intelligence is developed by coordinating sensory 
experiences and physical (motor) actions 
• Reflexive 
 
Pre-operational 2-7 years • Intelligence is developed by using primitive symbols 
• Non-logical and non-reversible thinking 
• Language development 
• Recognition of hidden objects 
• Self-oriented 
 
Concrete 
operational 
7-11 years • Intelligence is developed through systematic 
manipulation of symbols related to concrete objects 
• Logical and reversible thinking but short of adult 
• Less self-oriented 
 
Formal 
operational 
11 years and 
older 
• Intelligence is developed through logical use of 
symbols related to abstract concepts 
• Hypothetical and systematic thinking 
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In the concrete operational stage, which lasts from about seven to eleven years 
of age, cognition is transformed into more structured thought, but their logical thinking 
is not yet as fixed as adults. Concrete operational children can perform operations. Their 
thinking has become less egocentric and reversible; that is, they are able to take in more 
than one perspective simultaneously. However, their cognition is still not adult-like. 
Finally, in the formal operational stage, their thought becomes like the more logical 
system of adolescents and adults. Children who attain the formal operational stage are 
capable of theoretical and hypothetical thinking. The person in this stage no longer 
requires physical conditions in order to make rational judgment. Table 3.2 summarizes 
Piaget’s stages of cognitive development. 
 
3.2.2 Dual Representation Theory 
A participant’s ability to understand and represent symbols is critical in order 
to validate this study since the research tools are physical models of pediatric patient 
rooms. Participants should recognize the relationship between the symbol (in this study, 
a physical model of patient room) and what it represents (a patient room in reality).  
This is particularly important for the groups of children.  
A symbol has dual entities; one is a physical property and the other is an 
abstract property (Potter, 1979). In order to use a symbol such as a model, map, or 
picture successfully, one must recognize both aspects of the dual entity; to do so is to 
understand dual representation (DeLoache, 2000). Dual representation is quite difficult 
and a key achievement for younger children in their ability to understand and use 
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symbols (DeLoache, 1991). Its acquisition is critical for them to communicate since a 
variety of symbols are used in every human culture.  
Children’s acquisition of dual representation depends on the accuracy between 
symbol and referent, the degree of description of the symbol-referent relationship, and 
the amount of previous exposure to symbols (DeLoache, 2000). The more a symbol 
physically resembles what it represents, the easier it is to detect relationships between 
the symbol and its referent. However, even if the physical similarity is high, two-and-a-
half year old children typically failed to understand the use of symbols (DeLoache, 
Kolstad, & Anderson, 1991). With a higher level of physical accuracy, three-year-old 
children were usually successful in relating the symbol to its referent, but they 
understood the relationship poorly and with a lower level of accuracy (DeLoache, 
Kolstad, & Anderson, 1991). As children received more information or instruction, they 
more easily understood the relationship between a symbol and what it represents. A 
group of three-year-olds that was well versed in the relationship between a symbol and 
its referent showed better performance on finding a larger toy hidden in real room after 
seeing a small-scaled toy hidden in the model room (DeLoache, Kolstad, & Anderson, 
1991); but a group of three-year-old children who were less informed failed to relate the 
symbol to its referent and so it was determined that the acquisition of dual representation 
occurs around 34 to 36 months of age (DeLoache, 1989). DeLoache, Peralta de Mendoza, 
and Anderson (1999) confirmed that three-year-olds understood how the symbol was to 
be represented when they received explanations, but they failed to understand if they 
were not fully informed. The researchers further tested five- to seven- year-olds and 
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those children understood the relationship between the symbol and its referent without 
any instruction whatsoever. Children’s specific experiences can also enhance their 
development of dual representation. Children who previously participated in a higher 
similarity model task were more successful in a lower similarity model task in 
comparison with non-experienced children (Marzolf & DeLoache, 1994). 
In summary, children’s acquisition of dual representation ability occurs around 
three years of age, and five to seven year old children can understand the relationship 
between symbols and their referents without any instruction. Therefore, children with 
ages ranging from seven to eleven years are fully developed in understanding the 
relationship between the symbol itself and its referent. This level of development ensures 
that they can reference the models akin to an adult capacity. 
 
3.2.3 Development of Color Perception 
Human color perception involves a complex interaction between light, eyes, 
and the brain (Luke, 1996), which is not yet completely understood. According to the 
perceptual process introduced by Goldstein (2002), sensing color involves a sequence of 
steps starting with light entering into the eyes, light (as electromagnetic wavelengths) on 
the retina, transforming the wavelengths into neural energy (i.e. transduction), neural 
processing through the central visual system, perceiving color in the brain, and action 
with regard to the color. Any change among those steps can influence color perception.  
More importantly, transforming wavelengths into neural energy is not the same 
as color perception; perceiving color involves not only determining the wavelengths of a 
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stimulus, but also further processing this information through the central visual system 
in order to generate the experience of color (Goldstein, 2002).  
A newborn baby’s color vision is poor because the structures in their eyes, 
particularly visual receptors in the fovea, are not yet fully formed (Banks & Shannon, 
1993), and their central visual system continues to develop for several years (Hickey & 
Peduzzi, 1987). Most eye growth occurs during the first year, but subtle morphological 
changes keep continuing until at least four years of age (Yuodelis & Hendrickson, 1986). 
Newborns see objects clearly at a distance of 20 feet as adults do at 600 feet (20/600), 
their visual acuity reaches about 20/100 by six months, and an adult-like level at eleven 
months (Courage & Adams, 1990).  
Infants in the second month of life can discriminate lights that differ in 
wavelength only (Teller & Bornstein, 1987). By four to six months, infants are capable 
of discriminating hue differences (Fagan III, 1974). Infants less than five-months-old 
showed a preference for chromatic over achromatic stimuli, but they did not show 
preferential responses to different chromatic stimuli before the third month (Adams, 
1987). Most three-month-old infants have some chromatic discrimination (Adams, 
Courage, & Mercer, 1994; Brown, 1990; Teller, 1998), but stimulus thresholds for the 
infants are higher than those of the adults (Teller, 1998). By four months, infants 
perceive and categorize color, at least to some degree, akin to adults’ perceptual color 
categories (Franklin & Davies, 2004; Teller & Bornstein, 1987). 
Through an adult life span, two major age-related changes in vision are usually 
experienced. One is changes in the structures of the eye and the other is changes in the 
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retina (Kline & Schieber, 1985). Structural changes occur around age 40 and cause 
decreases in the eye’s ability to focus and adjust (Cavanaugh, 1997). Retinal changes 
start around age 50 and cause difficulties in seeing details (Cavanaugh, 1997). Human’s 
color perception peaks during the twenty’s and thirty’s then it steadily begins to decline 
with age (Lakowski, 1958). 
 
3.3 CONCLUSIONS 
Although contradictions exist in the literature, the consistent trend is that blue 
is one of the most preferred colors across age and gender. The arousal effect of red is 
suggested by studies measuring physiological and psychological responses. Emotional 
association with color is also found; brighter colors are associated with positive feelings 
such as happy, cheerful, or hopeful. In contrast, darker colors evoke negative feelings 
such as boring, sad, or non-inviting.  
Built environments can affect human’s well-being, as does color as one of the 
components of the physical environment. Color should be carefully applied to 
architectural spaces since colors have a great impact on human psychological and 
physiological responses.  
While previous studies are suggestive, there are no empirical color studies 
involving patients. The previous studies were typically done with small color papers 
using healthy people and a lack of control of confounding variables was pervasive. Color 
preferences can be influenced by brightness, saturation, background colors, light sources, 
and cultural factors.  
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A well controlled color preference study of pediatric patients appears to be 
non-existent. Therefore, this study addressed the effects of color on pediatric patients 
using a well-controlled investigation in a real context.  
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CHAPTER IV 
INTRODUCTION TO EXPERIMENTS 
 
This dissertation study uses a simulation design to investigate color preference 
in a real context. Colors need to be studied in real contexts because they are experienced 
in environments where complex patterns interact with human perception and behavior 
(Tofle, Schwarz, Yoon, & Max-Royale, 2004). To investigate values of color in real 
contexts, simulations were considered due to their inherent feasibility and reliability. For 
example, simulations can support environmental effect assessments as data and a 
controlled stimulus (Sheppard, 1989); they can also deal with environments where 
preferences or responses are sought regarding different styles of environments or views 
(Sanoff, 1991). Data obtained from small scale models compares reliably to those 
gathered from real settings (Baird, Cassidy, and Kurr, 1978; De Long, 1976). 
Ten 1:12 scale-models of patient rooms, each with a single interchangeable 
side wall, were built by the researcher and utilized for this study (see Appendix N for 
details). The models were built based on the evolution of patient room design (Vance, 
2002) and the Guidelines for Design and Construction of Hospital and Health Care 
Facilities published in 2001 by the American Institute of Architects Academy of 
Architecture for Health. 
Vance (2002) analyzed the private patient room design trend and created the 
evolution of patient room types (see Figure 4.1). Inboard toilet types (the bathroom 
being located along the corridor side) were typical in the 1990’s as this arrangement 
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allows more daylight and spaces for family members (Vance, 2002). As a new trend for 
future model, outboard toilet types (the toilet being located along the exterior wall) were 
proposed. The outboard toilet type provides better visibility for medical staff but limits 
daylight, window views, and patient privacy.  
 
 
Figure 4.1: Evolution of Patient Room Design 
Source: Adapted from Vance, 2002. 
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An inboard toilet type patient room was developed by the researcher for the 
scale-model since the inboard toilet types were more pervasive at the time of the study. 
The patient room for the scale-model satisfied the standards of the Guidelines for Design 
and Construction of Hospital and Health Care Facilities. Three standards applied for the 
patient room design were as follows: 1) Patient rooms shall be constructed with a 
minimum of 120 square feet of clear floor area in a single-bed room. 2) The dimensions 
of the rooms shall be a minimum of three feet between the sides and foot of the bed and 
any wall or any other fixed obstruction. 3) Each patient room shall have a window. The 
developed patient room plan for scale-models is shown in Figure 4.2. 
 
 
Figure 4.2: Patient Room Plan for Scale-Models 
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For visual clarity, a 1:12 scale detailed patient bed and two chairs were located 
inside the room. The layout and environment of all models (room size, window size and 
view, light source, furniture, interior materials, etc.) was identical, excluding the single 
interchangeable side wall’s color. As a patient lies on a bed, the wall facing their feet is 
where they are most likely to direct their gaze; therefore, the wall at the foot of the bed 
was selected as the interchangeable one and different colors were displayed on it only.  
 
 
Figure 4.3: Floor Plan of Scale-Model 
 
Two different light sources were installed in order to control illuminance levels 
inside the scale-models. One was a cool white fluorescent light used to act as an interior 
light source and the other was an incandescent light used to represent an exterior light 
source. The illuminance level of the fluorescent light was controlled using translucent 
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materials. The illuminance level of the incandescent light was controlled by a dimmer. 
For controlling the illuminance levels inside the scale-model rooms, data on the 
illuminance levels of pediatric patient rooms at St. Joseph Regional Health Center in 
Bryan, Texas, measured by Choi (2005) were used. According to Choi’s (2005) research, 
the range of overall illuminance levels of the patient rooms (which have southern facing 
windows in addition to both electric and natural lights) at St. Joseph Regional Health 
Center was from 500 to 540 lux during 12:00 pm to 2:00 pm in October, November, 
December, January, and February. The average illuminance levels of pediatric patient 
rooms using the electric lights only (with curtain closed) was 240 lux. Therefore, the 
illuminance level inside the scale-models was set to 520 lux for overall illuminance level 
– both incandescent and fluorescent lights – and 240 lux for the fluorescent light only. 
The illuminance levels inside the scale-models were measured and maintained by the 
researcher prior to the subjects’ participation. A garden picture was also installed inside 
the models to complete the patient room window view. Figure 4.3 presents the floor plan 
of scale-model (see Figure 4.4 for images of the scale-models). 
 
 
 
Figure 4.4: Image of Scale-Model 
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This dissertation research consisted of two phases. The first was a pilot study 
(Experiment I) and the other was the main study (Experiment II).  
In the pilot study, healthy children’s most preferred colors from each of five 
hue families defined by the Munsell color system were investigated. Specification of 
scale-models and colors used in the pilot study were covered in the next chapter. There 
are numerous color preference studies, but they are typically done with a small color 
chips or papers. In addition, lack of control in color attributes was pervasive. This study 
aimed to investigate the effect of environmental colors applied on wall surfaces. Since 
there are too many color samples to investigate color effects in a limited experiment, 
narrowing down color samples in meaningful way was a necessity. Therefore, the 
researcher considered to investigate what was the most preferred color among various 
samples in its own hue family. For example, there were numerous red samples but what 
the most preferred red color among those samples was not clear. This issue was parallel 
with other hue families as well. The pilot study addressed this issue and investigated 
children’s the most preferred colors (red, yellow, green, blue, and purple) of their 
respective hue families. The most preferred colors configured by the pilot study were 
used in the main study as independent variables.  
The purpose of this main study is to investigate the value of color as a 
component in a healing environment for pediatric patient rooms. Three different groups’ 
color preferences were investigated and compared in order to generate design 
recommendations. Pediatric patients’ color preferences (i.e. users of patient rooms) were 
investigated and compared to healthy children’s color preferences (i.e. normal children) 
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and design professionals’ color appreciation on pediatric patient room design (i.e. 
decision-makers for pediatric patient room design). Table 4.1 summarizes the two 
experiments. 
 
TABLE 4.1 
Summary of Experiments  
Experiment I: Pilot Study II: Main Study 
 
Purpose 
 
To investigate children’s color 
preferences about each of five major 
hue families within the Munsell 
color system 
 
 
To investigate the value of color as a 
component in a healing environment 
for pediatric patient rooms 
 
Methods 
 
Simulation design using 1:12 scale-
models of patient rooms 
 
Simulation design using a 1:12 scale-
model of six differently colored accent 
walls 
 
    
Independent 
Variables 
 
Multiple colors from five major hue 
families in the Munsell color system 
 
Six color samples: Five most preferred 
colors configured by the pilot study + 
white 
 
Subject 
Groups 
 
 
Dependent 
Variables 
Data 
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CHAPTER V 
METHODOLOGY FOR EXPERIMENT I (PILOT STUDY): CHILDREN’S 
COLOR PREFERENCES AMONG THE FIVE MAJOR HUE FAMILIES 
 
5.1 PURPOSE 
The purpose of the pilot study was to investigate children’s most preferred 
colors among each of the five major hue families in the Munsell color system using 
scale-models. Those five major hue families were red, yellow, green, blue, and purple.  
 
5.2 PARTICIPANTS 
5.2.1 Demographic Information of Participants 
Sixty-three children were recruited from four schools in Brazos County, Texas. 
The schools used as research sites were Cypress Intermediate School in College Station 
and Jones Elementary School, Kemp Elementary School, and St. Michael’s Academy in 
Bryan. Students in after-school programs were recruited in order to avoid the 
interruption of regular school activities. Thirty boys and thirty-three girls (seven to 
eleven year-old) were recruited and the average age of the sample was 10.04 year-old.  
Twenty-eight children were Caucasian. Seventeen were Hispanic and ten were 
African-American. Four Asian and four bi-racial children participated. Demographic 
information about the participants is summarized in Tables 5.1 and 5.2. 
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TABLE 5.1 
Number of Subjects by Age and Gender  
Gender Age  
(Years) Boys Girls 
Total Reference 
7 5 5 10 
8 4 3 7 
9 3 5 8 
10 7 6 13 
11 11 14 25 
 
Total 30 33 63  
 
 
TABLE 5.2 
Number of Subjects by Ethnicity  
Gender 
Ethnicity 
Boys Girls 
Total % Average Age  (Years) 
Caucasian 16 12 28 44.5 10.57 
Hispanic 6 11 17 27.0 10.11 
African-American 4 6 10 15.9 8.63 
Asian 2 2 4 6.3 9.81 
Other 2 2 4 6.3 9.83 
Total 30 33 63 100 10.04 
 
 
5.2.2 Recruitment of Participants 
Parental permission forms and child assent forms were sent to the parents and 
children to be signed and returned prior to participation. Data collection of the pilot 
study was mainly conducted from February to May, 2006.  
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This study was approved by the Texas A&M University Institutional Review 
Board – Human Subjects in Research, the College Station Independent School District 
(CSISD) Research Review Committee, and the Bryan Independent School District 
Research Committee.  
The Research Review Committee from CSISD required a third person as an 
observer for liability purposes since the experiments were originally to be conducted 
only between the subject and the researcher. As a result, an independent observer 
accompanied the researcher during the experiment. This issue was discussed with the 
researcher’s Ph.D. committee members and Dr. Holley Mohr, Director of the 21st 
Century Project Grant in Bryan Independent School District. Through this discussion Dr. 
Mohr referred the researcher to Dr. Clifton Watts, a professor in the Department of 
Recreation, Parks, and Tourism Sciences at Texas A&M University, for finding an 
observer; this was because Dr. Watts had previously been involved in many research 
projects related to youth programs. Dr. Watts introduced the researcher to a well-
qualified observer who was aware of their responsibilities for the welfare of the children 
participating in the experiment. The observer fulfilled this role for the pilot study and 
main study as well. 
The risk associated with this study was minimal. There was a possibility that 
participants would feel uncomfortable from being in a novel research situation. To 
manage this, the researcher introduced himself and the characteristics of the research to 
participants in order to become familiar prior to the experiment. There was no 
compensation for participation. 
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5.2.3 Selection of Child Population 
Age group was important because the final study would go on to compare 
children’s preference to adults’.  This necessitated that the two groups have a similar 
capability for interaction with the research tool. According to Piaget’s cognitive-
developmental theory and the theory of dual representation, children below a certain age 
lack the ability to reference symbols, or in this case, scale models. Therefore, the 
children’s age group of seven to eleven years was used because they are in the concrete-
operational stage according to Piaget’s cognitive-developmental theory. The concrete 
operational stage lasts from about seven to eleven years of age and during this time 
cognition is transformed into more organized thought, though logical thinking is not yet 
at an adult level (Brainerd, 1978). Children in this age range are fully developed in 
understanding the representation of a symbol to its referent, a process known as dual 
representation (DeLoache, Peralta de Mendoza, & Anderson, 1999). By using this age 
group the experiment ensured that the child subjects could reference the models akin to 
the adult subject’s capacity. 
 
5.3 APPARATUS 
Ten 1:12 scale-models of patient rooms, each with a single interchangeable 
side wall, were built by the researcher and utilized for this study (see Appendix B for 
more detail). The layout and environment of all models was identical except the single 
interchangeable side wall’s color.  
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Figure 5.1: Illuminance Measurement Method inside Scale-Models 
 
The illuminance level inside the scale-models was set to 520 lux for the overall 
illuminance level – both incandescent and fluorescent lights – and 240 lux for the 
fluorescent light only. The illuminance level was measured by a photometer (see 
Appendix O). Figure 5.1 shows illuminance measurement method inside scale-models. 
 
5.4 VARIABLES 
1. Independent variables: different types of colors 
2. Dependent variables: children’s color preferences 
The Munsell color system was the most often used color system among those 
found in the literature (Beach, Wise, & Wise, 1988) because of it’s feasibility and 
international acceptance (Indow, 1988). The Munsell color system is a method of 
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accurately specifying surface colors using three interrelated dimensions: hue, brightness 
(value), and saturation (chroma) (Luke, 1996) (see Appendix A).  
 
 
 
Figure 5.2: Munsell Color Solid 
Source: Adapted from Luke, 1996. 
 
 
Hue refers to the attribute of color which distinguishes red from yellow, green 
from blue, and so on. The Munsell system visually divided the hue wheel into 100 
uniform steps. The red hue family is identified by points 0 to 10. The middle of the red 
hue family is called five red, and is written 5R. Each 10 steps consists of a hue family so 
there are ten hue families in total; red, yellow-red, yellow, green-yellow, green, blue-
green, blue, purple-blue, purple, and red-purple. Red, yellow, green, blue, and purple are 
categorized as the five major hue families and the others are categorized as the five 
minor hue families. The minor hue families can be made by mixing paints of adjacent 
pairs of hues, for example, combinations of red and yellow create orange (yellow-red). 
However, the inverse does not hold true. In other words, combinations of yellow-red and 
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green-yellow does not create yellow. In each major hue family, nine different brightness 
and saturation combinations and a neutral color (white) were selected and used for the 
single interchangeable side wall color. Munsell Color Solid and Hue Wheel are shown in 
Figures 5.2 and 5.3. 
 
  
Figure 5.3: Munsell Hue Wheel 
Source: Adapted from Luke, 1996. 
 
 Brightness refers to the lightness of a color. The point of brightness ranges 
from 0 for black and 10 for white. In-between colors from black to white are grays or 
neutral colors. These colors are also called achromatic colors since they do not possess 
hues. Colors that have hues are defined as chromatic colors. A chromatic color is 
specified by a notation of hue brightness/saturation (H B/S) and a neutral color is written 
by neutral brightness (N B/) in the Munsell color system 
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Saturation refers to the degree of departure of a color from the neutral color of 
the same lightness. Saturation often indicates the strength of a color: colors of low 
saturation are said to be weak colors while those of high saturation are called strong.  
 
 
 
Figure 5.4: Ratio of Perceptual Difference in Munsell Color System 
 
 
For color selection, the magnitude of perceptual difference between colors in 
the Munsell system was considered. The Munsell color system was constructed using the 
ratio method in order to provide a visually uniform step for two adjacent color chips 
(Indow, 1988). The perceptually equal steps of the units of three attributes (hue, 
brightness, and saturation) are important for meaningful interpolation and universal 
application (Indow, 1988). The ratio of the perceptual difference for brightness and 
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saturation in the Munsell system is designed to be 1:2 (see Figure 5.4). In other words, a 
one step difference in brightness is considered an equal perceptual difference to a two 
step differences in saturation.  
Several studies have been conducted regarding the perceptual uniformity in 
order to investigate human color perception captured on the Munsell color system. These 
studies generated various ratios of the units for brightness and saturation in order to 
achieve perceptual uniformity (see Indow, 1980). Table 5.3 summarizes different ratio of 
units for brightness and saturation in the Munsell color system. 
 
TABLE 5.3 
Ratio of Units for Brightness and Saturation in the Munsell Color Solid  
Study Ratio of Units for Brightness and Saturation 
Nickerson and Stultz (1944) 1:2.3 
Godlove (1951) 1:4.0 
Torgerson (1952) 1:2.3 
Messick (1954) 1:2.5 
Indow and Shiose (1956) 1:2.3-3.1 
Indow and Kanazawa (1960) 1:1.8 
Indow and Ohsumi (1972) 1:2.8 
Indow and Aoki (1983) 1:2.4 
Indow and Watanabe (1980) 1:1.7-2.5 
Farmer, Taylor, and Belyavin (1980) 1:3.76 
 
 
For equal size in the perceptual color differences, 1:3 was used as the ratio of 
units for brightness and saturation (see Figure 5.5). This was because the perceptually 
equal step of saturation to brightness defined by the previous studies was mostly in-
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between two to four steps. In other words, a one step difference in brightness is 
perceptually equivalent to three steps in saturation.  
 
  
Figure 5.5: Ratio of Units for Brightness and Saturation Using in Study 
 
 
In interior spaces, bright and less saturated colors such as pastel tones have 
been commonly considered for wall colors. In contrast, children prefer highly saturated 
colors to less saturated ones when color stimuli were used in isolation (Child, Hansen, & 
Hornbeck, 1968). Therefore, as many colors as possible from high saturation to low 
saturation were selected as independent variables for this study.  
Color was specified by a notation of hue brightness/saturation (H B/S) in the 
Munsell color system. The notation of brightness 7 and saturation 8 was the most 
saturated and the brightest spot among existing color chips for all five major hue 
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families. Nine samples for each hue family were selected from this coordinate 
(brightness 7 and saturation 8) with three step differences in saturation or one step in 
brightness. As a result, a total of forty-five color samples were produced by the Munsell 
Conversion software program provided by the Munsell Company. Figure 5.6 presents 
the selected color samples for pilot study. 
 
 
 
Figure 5.6: Selected Color Samples for Pilot Study 
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Since the colors were printed on matt paper, the quality of a color on the paper 
was not the same as that in the software program. For consistency and replication of the 
study, the quality of the selected color samples were measured and recorded by the 
researcher. Chromatic values of the colors on matt paper in isolation were measured (see 
Appendix P) and the visual qualities of the colors inside the scale-models were also 
measured (see Appendix Q).  
In order to measure a color quality on matt paper in isolation, a special tool was 
used. Figure 5.7 shows the measurement of color quality printed on matt paper in 
isolation. A full spectrum light bulb was installed as a light source. The color was lit 
only by the light source and the chromatic values of the color were measured by a 
photometer.  
 
 
Figure 5.7: Measurement of Color Quality Printed on Matt Paper in Isolation 
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Color quality in the model was also important because it was the actual 
property of the color that participants observed. The displayed color was lit by two light 
sources. One was a cool fluorescent lamp and the other was an incandescent light lamp. 
Light from the two different light sources created an uneven spectral distribution on the 
displayed colors. Therefore, the chromatic values of the colors were measured based on 
six designated spots. This measurement was conducted without any light source except 
what was inside the models. Figure 5.8 displays the measurement method of the visual 
quality of the colors.  
 
 
 
Figure 5.8: Measurement of Visual Quality of Color in Scale-Model 
 
 
5.5 PROCEDURE 
A classroom location was chosen based on convenience and desks in the 
classroom were rearranged in front of a chair. The desks were covered with a white cloth 
and the models were displayed on the desks. The luminance levels on the tops of the 
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desks were measured by photometer and maintained throughout the experiment. The 
luminance levels inside the scale-models were measured in the classroom and matched 
among all the models used by the researcher. 
Students performed the experiment in the classroom individually at their own 
pace based on a first-available first-participate principle. Subjects participated according 
to an assigned time schedule to avoid waiting. There were five sessions in the 
experiment and those were performed in random order. Table 5.4 shows the organization 
of the pilot study and the selected color samples. 
 
TABLE 5.4 
Organization of the Pilot Study  
Selected Color Samples 
S ession 
Preference 
xperiment for E Hue Brightness/Saturation 
Neutral
(White) 
A Red hue family 5R 6/2, 6/5, 6/8, 7/2, 7/5, 7/8, 8/2, 8/5, 9/2 N 9.5/
B Yellow hue family 5Y 7/2, 7/5, 7/8, 8/2, 8/5, 8/8, 9/2, 9/5, 9/8 N 9.5/
C Green hue family 5G 6/2, 6/5, 6/8, 7/2, 7/5, 7/8, 8/2, 8/5, 9/2 N 9.5/
D Blue hue family 5B 6/2, 6/5, 6/8, 7/2, 7/5, 7/8, 8/2, 8/5, 9/2 N 9.5/
E Purple hue family 5P 6/2, 6/5, 6/8, 7/2, 7/5, 7/8, 8/2, 8/5, 9/2 N 9.5/
 
Before the subject entered the room, ten 1:12 scale-models of patient rooms 
were displayed on the desks throughout the experiment. Each of the ten color samples 
were presented on the single interchangeable side wall in each of the ten scale-models in 
random order using Latin Square Design method. For example, each of the nine 
chromatic colors (5B 6/2, 5B 6/5, 5B 6/8, 5B 7/2, 5B 7/5, 5B 7/8, 5B 8/2, 5B 8/5, 5B 
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9/2) within the blue hue family and a white (N 9.5) as neutral color were shown to the 
subject in session D using the interchangeable side wall.  
In the session, subjects were asked to select their favorite colored rooms three 
times in order and then their least preferred ones three times in order. Sufficient time 
was given to the subjects for exploring the environment of the models and deciding on 
each evaluation.  
The subjects received a verbal introduction about the researcher and the 
experiment. “My name is Jin Gyu Park. I need your help because I want to know about 
children’s favorite colors. There are no right or wrong answers because this is not a test. 
It will take about thirty minutes to finish. You can ask questions or stop at anytime.” 
All participants were tested for color deficiency prior to participation using an 
Ishihara plate. All participants were shown the Ishihara plate and asked to indicate what 
they saw in the plate by the researcher, “What do you see in this picture?” It was planned 
that anyone who failed this test would be excluded from the study; however, all 
participants passed the test. 
To control the illuminance levels inside the models, the classroom lights were 
turned off and the windows were blocked by blinds. This was explained to the 
participants verbally by the researcher. “To help the models look clear, I am going to 
make this room dark. Please let me know if you are uncomfortable, then I will turn the 
lights back on. Now, I will turn off the lights and blind the windows. Before we start, 
take your time and look around these rooms as much as you want. Then, let me know 
when you are ready.” Anyone who did not want the lights off or windows blinded was 
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excluded from the study. No participant requested the lights remain on or the window 
stay un-blinded. Figure 5.9 shows display method of scale-models. 
The subjects were asked to select their favorite colored room among the ten 
rooms. To do so, the subjects were asked by the researcher, “Now, we have ten rooms. 
Each room has a different color on the wall. When I ask a question, please take your 
time and point with your finger to show your choice. Which room do you like best?”  
 
 
Figure 5.9: Display of Scale-Models 
 
After the selection, the selected model was covered with a white board by the 
researcher. For the second selection, the subjects were asked to pick their favorite 
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colored room among the remaining nine models. “Which room do you like best?” The 
selected model was then covered with a white board by the researcher. This process was 
repeated for the third selection of the most preferred room. 
After the selection of three most preferred rooms, the subjects were asked to 
select their least preferred colored room from the remaining seven models. To do so, the 
subjects were asked by the researcher, “Now, I am going to ask which room you do not 
like. Which room do you like least?”  
The selected model was then covered with a white board by the researcher. For 
the second selection, the subjects were asked to pick their choice among the remaining 
six models. “Which room do you like least?” This process was repeated for the third 
selection of least preferred room in the same manner. 
After completing one session, another randomly selected session from the 
different hue families began. The interchangeable walls were replaced with another set 
of colors within a hue family by the researcher. The process was identical excluding the 
hue family of the previously displayed colors. This process continued until all five 
sessions had been completed. 
As soon as the test was completed, the instructor recorded the student’s age, 
gender, ethnicity, and preference order. No identifier or name was recorded. Each 
experiment took approximately thirty minutes per child to complete. Figure 5.10 
summarizes the procedure of this study. 
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Flow Diagram Verbal Description Instrument
  
My name is Jin Gyu Park. I need your 
help because I want to know about 
children’s favorite colors. There are no 
right or wrong answers because this is 
not a test. It will take about twenty 
minutes to finish. You can ask questions 
or stop at anytime. 
 
What do you see in this picture? Ishihara 
plate 
  
To help the models look clear, I am going 
to make the room dark. You can ask me 
to turn on the lights and open the blinds 
anytime if you want. (Turn off the lights 
and blind the windows). Before we start, 
take your time and look around these 
rooms as much as you want. Then, let me 
know when you are ready. 
 
Now, we have ten rooms. Each room has 
a different color on the wall. When I ask 
a question, please take your time and 
point with your finger to show your 
choice. 
Which room do you like best? (3 times) 
Now, I am going to ask which room you 
do not like.  
Which room do you like least? (3 times) 
Ten models 
  
I have one more question. What is your 
birthday? 
 
You are finished. Thank you very much.  
 
Figure 5.10: A Flow Diagram of the Procedure for the Pilot Study 
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Data obtained from the experiment were analyzed for determining the most 
preferred color of each of the five major hue families in children’s color preferences. 
Based on these results, the most preferred colors configured by the pilot study were 
applied to the researcher’s final study as independent variables. 
 
5.6 RELIABILITY  
In order to generate scientific results, data obtained from research must be 
valid and reliable. The concept of reliability ensures that measurements or findings are 
consistent when a study is replicated under the same conditions in different locations or 
times (Sommer & Sommer, 1997).  
This study measured children’s preferences among various colored rooms 
using scale-models. Children’s color preferences (dependent variables) were expected to 
be reliable since only colors (independent variables) were manipulated; that is, all 
conditions except the colors were identical regardless of locations and time.  
In addition to reliability, validity is another important issue. While reliability is 
critical for good science, it is insufficient without validity (Leedy & Ormrod, 2001). 
 
5.7 VALIDITY 
The pilot study was categorized as an experimental design since the 
independent variables were controlled by the researcher in order to observe their effects 
on the dependent variables. Validity is the credibility of a conclusion, and there are four 
types of validity: statistical conclusion validity, internal validity, construct validity, and 
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external validity (Shadish, Cook, & Campbell, 2002). Shadish, Cook, and Campbell 
(2002) also enumerated factors jeopardizing the validity of experimental designs. Unless 
a research design is strong in the types of validity, it might be confounded with plausible 
alternative explanations. As such, this study was evaluated in terms of the four types of 
validity one by one. 
 
5.7.1 Statistical Conclusion Validity 
“Statistical conclusion validity concerns two related statistical inferences that 
affect the covariation component of causal inferences: (1) whether the presumed cause 
and effect covary and (2) how strongly they covary” (Shadish, Cook, & Campbell, 2002, 
p. 42). If the statistical power is too low, it is difficult to detect an effect. Several steps 
can be taken for increasing the power and this includes increasing sample sizes, raising 
the alpha level, or avoiding extreme responses (Shadish, Cook, & Campbell, 2002). 
When increasing the alpha value, the chances of making a Type I Error (i.e. indicating 
there is covariation when there is none) are higher, but statistical power is higher, too. 
That is, increasing the alpha value decreases the chances of making a Type II Error (i.e. 
indicating there is no relationship when there is). Children’s preferential responses to 
colors were measured using an ordinal scale. The ordinal scale was transferred to 
designated numeric values and Ranked Multiple Response Analysis was used to 
determine the most preferred colors.  
When the range of outcome values is too narrow, the outcome is subject to 
extreme responses (Shadish, Cook, & Campbell, 2002). To identify the most preferred 
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color among various color samples, the participant’s selection process was repeated until 
the three most preferred and three least preferred colors were selected. The preferential 
orders provided sufficient data in order to identify the most preferred colors accordingly. 
Statistical conclusions can be influenced if treatment is conducted 
inconsistently from person to person within sites (Lipsey, 1990); it commonly results in 
effect size reduction (Shadish, Cook, & Campbell, 2002). To avoid these threats, this 
study needed consistency in procedures and instruments. All procedures and instruments 
used in this study were identical so the inconsistency threat was minimal. 
To reduce extraneous variance in the experimental setting, participants need to 
focus on the experiments (Shadish, Cook, & Campbell, 2002). As the experiments were 
conducted in a secure place under lights off conditions, distractions were minimized. 
 
5.7.2 Internal Validity 
Internal validity refers to, “inferences about whether observed covariation 
between A and B reflects a causal relationship from A to B in the form in which the 
variables were manipulated or measured” (Shadish, Cook, & Campbell, 2002, p. 53). 
Presumed causes must occur prior to their effects (Shadish, Cook, & Campbell, 2002). 
Different colors in the scale-model rooms were presented and then the preferential 
responses were expressed by participants. That is, colors were independent variables and 
the participants’ preferential responses were dependent variables; in this case, the causes 
(colors) and outcomes (preference orders) are not reciprocal. 
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Selection is pervasive and selection bias can influence the effects because of 
population differences; selection bias can be reduced by random assignment because 
randomly assigned groups are different only by chance (Shadish, Cook, & Campbell, 
2002). The participants (children ages 7 – 11 years) participated in this study by means 
of first-available first-participate principle since the pool of subjects was not large 
enough to select who could or could not participate. All children who had parental and 
child assent forms participated. Instead of randomizing subjects to experiments, color 
samples used in this study were displayed according to the Latin Square Design in order 
to reduce the order effect. The Latin Square Design is a square matrix such that no same 
item is repeated twice in any row or column; in other words, each item appears in all 
rows and columns but only one time in systematic order. This process enhances 
randomness and eliminates selection bias. 
The history threat can be reduced by isolating participants from outside stimuli 
or by selecting dependent variables that could seldom be influenced by outside 
environments (Shadish, Cook, & Campbell, 2002). This threat was minimal because the 
experiments were conducted in a secure place with the lights off.  
Maturation addresses participants’ changes during the experiments, such as 
them becoming older or wiser as time goes by (Shadish, Cook, & Campbell, 2002). The 
range of child groups in this study was the same and the duration of the experiment was 
less than 30 minutes per subject, so they were in the same maturational condition and the 
threat of maturation was minimal.  
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Practice and familiarity can influence treatment effects (Shadish, Cook, & 
Campbell, 2002). All subjects of the pilot study had only one opportunity to participate 
so the familiarity threat was minimal. When children who previously went through the 
pilot study participated in the main study again, they may have been familiar with the 
scale-model simulation experiments. However, the threat was also minimal because the 
independent variables and measurement instruments of the main study were different 
from those of the pilot study. 
 
5.7.3 Construct Validity 
“Construct validity involves making inferences from the sampling particulars 
of a study to the higher-order constructs they represent” (Shadish, Cook, & Campbell, 
2002, p. 65). This refers to the degree of generalization between the operational stage 
and theoretical level. This study sought children’s most preferred wall colors among the 
five major hue families according to the Munsell color system. The best way of doing 
this would have been manipulating wall colors in real rooms, but it also would have been 
ineffective and cost-consuming. Therefore, scale-model simulation was employed 
because it was a cost-effective, time-efficient, and reliable method regarding the 
investigation of environmental effects. Participants’ preferential orders were a 
significant indicator of the participant’s satisfaction with the environmental colors. This 
concept matches with the conceptual model proposed by Sherman, Shepley, and Varni 
(2005).  
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Monomethod bias can occur when a complex piece of research is measured by 
just one method (Shadish, Cook, & Campbell, 2002). If the results of different 
measurements agree, the results are more trustworthy (Brewer & Hunter, 1989). The 
pilot study simply sought children’s color preference orders using scale-models. 
Participants’ preferential orders were sufficient for determining children’s most 
preferred colors. Second and third preferred colors also helped identify the most 
preferred colors as they provided more information about the preferential relations 
among brightness and saturation.   
If participants can guess what the researcher wants to know, the participants 
may start guessing answers in that direction (Rosenzweig, 1933). The researcher’s 
expectations can also affect outcomes (Rosenthal, 1956). To avoid these threats, the 
research hypotheses were not introduced to participants and the researcher was not in 
contact with the participants prior to the experiments. Less threatening settings, 
anonymity, and confidentiality all reduce these threats (Shadish, Cook, & Campbell, 
2002); this study followed all of those practices. To manage the possibility that 
participants’ might have felt uncomfortable being in a novel research situation, the 
researcher and the characteristics of the research were introduced to participants. 
Participants were clearly told that there were no right or wrong answers and their 
responses could be accessed only by the researcher. 
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5.7.4 External Validity 
“External validity concerns inferences about the extent to which a causal 
relationship holds over variations in persons, settings, treatments, and outcomes both 
that were in the experiment and that were not in the experiment” (Shadish, Cook, & 
Campbell, 2002, p. 83). External validity refers to the degree of generalization of 
findings from experiments to real settings. 
“Random sampling eliminates possible interactions between the causal 
relationship and the class of persons who are studied versus the class of persons who are 
not studied within the same population” (Shadish, Cook, & Campbell, 2002, p. 91). 
Random sampling secures external validity but it is very difficult to achieve random 
sampling in experiments (Shadish, Cook, & Campbell, 2002). This study recruited 
normal children ages 7 – 11 years in after school program from schools in Brazos 
County, Texas; this was categorized as convenience sampling, which is nonrandom. This 
nonrandom sampling could be a factor which decreases external validity. To draw a 
large sample size is effective to reduce sampling error; and sample bias can be reduced 
by careful sampling methods (Sommer & Sommer, 1997). The participants were 
recruited from one private and three public schools and the sample size was sufficient to 
draw study conclusions. The majority of students in the private school were Caucasians 
in high socioeconomic status. Other students in after-school programs differed because 
the programs were basically for low-income families and they were more diversified in 
terms of ethnicity. This combination of public and private school children improved 
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external validity since the ethnic and socioeconomic status distribution of the sample 
was more representative to that of the general population in the United States. 
Manski and Garfinkel (1992) speculated that the results of data obtained from a 
small-scale simulation might not be the same with those from a real situation. This study 
employed a simulation design due to its inherent feasibility and reliability. There has 
been evidence that data gathered from small-scale environments were reliably 
comparable to those from full-scale environments (Baird, Cassidy, & Kurr, 1978; De 
Long, 1976). Simulations can support environmental effect assessments as data and a 
controlled stimulus (Sheppard, 1989); they can also deal with environments where 
preferences or responses are sought to different styles of environments or views (Sanoff, 
1991). 
A mediator considered significant in one context may not function in another 
context (Shadish, Cook, & Campbell, 2002). The context of this pilot study was specific. 
Multiple 1:12 typical patient rooms were used and the environments of the rooms were 
identical, except for the accent wall where different colors (independent variable) were 
displayed. The illuminance levels inside the models were matched with the typical 
pediatric patient room in St. Joseph Regional Health Center in Bryan. To simulate a 
daylight source, incandescent lights were installed inside the models and adjusted to the 
illumination level from 12 pm to 2 pm during the fall season (October to February) in 
Bryan. These specific contexts decreased the external validity; thus this study was 
limited in generalizing its findings as applied to the specific context.  
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5.7.5 Conclusion 
As an experimental design, this pilot study had high internal validity since the 
independent variables and dependent variables were carefully manipulated by the 
researcher. However, it had potentially low external validity because of the nonrandom 
sampling and context-dependency; that is, the generalizability of the study results were 
limited to the specific contexts in which it was conducted. However, research that 
provides limited generalization may be just as important as those which provide broad 
generalization (Shadish, Cook, & Campbell, 2002).  
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CHAPTER VI 
RESULTS AND DISCUSSION OF EXPERIMENT I (PILOT STUDY) 
 
6.1 RESULTS 
6.1.1 Overall Children’s Color Preferences 
All subjects selected their three most preferred colored rooms and three least 
preferred ones among the ten different colored rooms. In order to quantify the data, the 
participant’s preference orders were converted. Table 6.1 is conversion table of 
preference orders. 
 
TABLE 6.1 
Conversion Table of Preference Orders 
Preference Order Converted Score Reference 
Most Preferred 7  
Second Preferred 6  
Third Preferred 5  
Not Selected 4  
Third Least Preferred 3  
Second Least Preferred 2  
Least Preferred 1  
 
Means were used for determining healthy children’s five most preferred colors 
among each of the five hue families based on the Munsell color system. Table 6.2 shows 
the means and standard deviations of the children’s color preferences. In the red hue 
family, 5R 7/8 was most preferred followed by 5R 6/8. Other most preferred colors were 
5Y 9/8 (yellow), 5G 7/8 (green), 5B 6/8 (blue), and 5P 7/8 (purple). 
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TABLE 6.2 
Means and Standard Deviation on Children’s Color Preferences 
 
Hue Munsell Color Notation 
Number of 
Subjects Mean 
Standard 
Deviation Reference 
5R 7/8 63 5.08 1.76 Most Preferred 
5R 6/8 63 5.03 1.48  
5R 8/5 63 4.56 1.48  
5R 7/5 63 3.90 1.51  
5R 6/5 63 3.86 1.40  
5R 8/2 63 3.78 1.16  
5R 9/2 63 3.76 1.48  
N 9.5 63 3.73 1.74  
5R 7/2 63 3.38 1.34  
Red 
5R 6/2 63 2.92 2.00 Least Preferred 
5Y 9/8 63 4.81 1.78 Most Preferred 
5Y 9/5 63 4.46 1.45  
5Y 8/8 63 4.19 1.47  
5Y 9/2 63 4.14 1.40  
N 9.5 63 4.05 1.98  
5Y 8/2 63 3.87 1.59  
5Y 8/5 63 3.65 0.97  
5Y 7/8 63 3.63 2.06  
5Y 7/2 63 3.60 1.85  
Yellow 
5Y 7/5 63 3.59 1.57 Least Preferred 
5G 7/8 63 5.08 1.77 Most Preferred 
5G 6/8 63 4.76 2.01  
5G 8/5 63 4.62 1.21  
5G 6/5 63 4.03 1.31  
5G 7/5 63 4.02 0.68  
5G 9/2 63 3.79 1.38  
5G 8/2 63 3.76 1.32  
N 9.5 63 3.60 2.04  
5G 7/2 63 3.48 1.37  
Green 
5G 6/2 63 2.86 1.98 Least Preferred 
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TABLE 6.2 (Continued) 
 
Hue Munsell Color Notation 
Number of 
Subjects Mean 
Standard 
Deviation Reference 
5B 6/8 63 5.79 1.63 Most Preferred 
5B 7/8 63 5.21 1.31  
5B 8/5 63 4.60 1.30  
5B 6/5 63 4.27 1.15  
5B 7/5 63 4.24 0.91  
5B 9/2 63 3.70 1.30  
5B 8/2 63 3.57 1.24  
N 9.5 63 3.19 1.86  
5B 7/2 63 2.90 1.17  
Blue 
5B 6/2 63 2.52 1.60 Least Preferred 
5P 7/8 63 5.19 1.93 Most Preferred 
5P 6/8 63 5.08 1.83  
5P 7/5 63 4.63 1.02  
5P 8/5 63 4.37 1.21  
5P 6/5 63 4.05 0.99  
5P 9/2 63 3.75 1.30  
N 9.5 63 3.68 1.64  
5P 8/2 63 3.30 1.24  
5P 7/2 63 3.02 1.61  
Purple 
5P 6/2 63 2.94 1.85 Least Preferred 
 
 
The following graphs show the mean scores and confidence intervals of the 
children’s color preferences in each of the five major hue families. Dots represent the 
variables’ means and the protruding lines from the dots represent 95% confidence 
intervals. Figure 6.1 displays children’s color preferences in red hue family, Figure 6.2 
in yellow, Figure 6.3 in green, Figure 6.4 in blue, and Figure 6.5 in purple hue family. 
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Figure 6.1: Children’s Color Preferences in Red Hue Family 
 
 
 
Figure 6.2: Children’s Color Preferences in Yellow Hue Family 
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Figure 6.3: Children’s Color Preferences in Green Hue Family 
 
 
 
Figure 6.4: Children’s Color Preferences in Blue Hue Family 
 
 90
 
Figure 6.5: Children’s Color Preferences in Purple Hue Family 
 
 
6.1.2 Comparison of Caucasian versus Non-Caucasian Groups 
Caucasian (N=28) versus non-Caucasian children’s (N=35) preferences were 
compared for each of the five major hue families. The following graphs show the 
variable’s means and 95% confidence intervals. The two groups were agreed in terms of 
the most preferred colors in all of the five hue families. In the red hue family, 5R 7/8 
was most preferred, 5Y 9/8 for yellow, 5G 7/8 for green, 5B 6/8 for blue, and 5P 7/8 for 
purple. This result is in agreement with the results from all subjects. In the yellow and 
green hue families, the non-Caucasian group showed a tendency to prefer white more 
than the Caucasian group, but this is not statistically significant. Therefore, no 
significant difference between Caucasian and non-Caucasian groups was found. 
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Figure 6.6: Red Color Preferences from Caucasian vs. Non-Caucasian Groups 
 
  
Figure 6.7: Yellow Color Preferences from Caucasian vs. Non-Caucasian Groups 
 92
  
Figure 6.8: Green Color Preferences from Caucasian vs. Non-Caucasian Groups 
 
  
Figure 6.9: Blue Color Preferences from Caucasian vs. Non-Caucasian Groups 
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Figure 6.10: Purple Color Preferences from Caucasian vs. Non-Caucasian Groups 
 
Figures 6.6, 6.7, 6.8, 6.9, and 6.10 present Caucasian versus non-Caucasian 
comparisons in red, yellow, green, blue, and purple hue families respectively. 
 
6.1.3 Gender Differences in Children’s Color Preferences 
Multivariate analysis of variance (MANOVA) was used to investigate gender 
differences in the children’s color preferences. The results showed gender differences in 
only the red and purple hue families. There was no statistically significant gender 
difference in the yellow, green, and blue hue families in terms of children’s color 
preferences. 
Ten dependent variables were used in MANOVA for the red family; 
specifically, the preferences on the ten different samples in that family. The independent 
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variable was gender. Preliminary assumption testing was conducted to check for 
normality, linearity, univariate and multivariate outliers, and multicollinearity, all with 
no serious violations noted. There was a statistically significant difference between boys 
and girls’ color preferences in the red hue family: F (9, 53) = 5.15, p < .05; Wilks’ 
Lambda = .53; partial eta squared = .47. Table 6.3 shows results from multivariate tests 
for gender difference in red hue family. 
 
 
TABLE 6.3 
Multivariate Tests (b) for Gender Difference in Red Hue Family 
Effect   Value F 
Hypothesis 
df 
Error  
df Sig. 
Partial Eta 
Squared 
Intercept Pillai's Trace .998 3771.084(a) 9.00 53.00 .000 .998 
  Wilks' Lambda .002 3771.084(a) 9.00 53.00 .000 .998 
  Hotelling's Trace 640.373 3771.084(a) 9.00 53.00 .000 .998 
  Roy's Largest Root 640.373 3771.084(a) 9.00 53.00 .000 .998 
Gender Pillai's Trace .466 5.146(a) 9.00 53.00 .000 .466 
  Wilks' Lambda .534 5.146(a) 9.00 53.00 .000 .466 
  Hotelling's Trace .874 5.146(a) 9.00 53.00 .000 .466 
  Roy's Largest Root .874 5.146(a) 9.00 53.00 .000 .466 
(a) Exact statistic 
(b) Design: Intercept + Gender 
 
 
The following graphs show the mean scores and confidence intervals of the 
boys’ and girls’ color preferences in each of the five major hue families. Figures 6.11, 
6.12, 6.13, 6.14, and 6.15 display gender differences in red, yellow, green, blue, and 
purple hue families respectively. 
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Figure 6.11: Red Color Preferences for Boys and Girls 
 
 
 
  
Figure 6.12: Yellow Color Preferences for Boys and Girls 
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Figure 6.13: Green Color Preferences for Boys and Girls 
 
 
  
Figure 6.14: Blue Color Preferences for Boys and Girls 
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Figure 6.15: Purple Color Preferences for Boys and Girls 
 
The mean differences were significant in 5R 6/2 (p = .009), 5R 7/2 (p = .005), 
5R 7/5 (p = .006), and 5R 8/5 (p = .000) at the .05 alpha level. However, a higher alpha 
level is recommended in order to reduce the probability of a Type I error since a number 
of separate analyses were conducted. The most common way to do this is with a 
Bonferroni adjustment: simply divide the original alpha level of .05 by the number of 
conducted analyses (Pallant, 2005). In this study ten dependent variables were used to 
investigate, so divide .05 by 10, having a new alpha level of .005. Using the new alpha 
level of .005, there were statistically significant gender differences in only 5R 7/2 and 
5R 8/5. In the case of 5R 7/2, boys reported a higher preference (M = 3.87, SD = 1.38) 
than girls (M = 2.94, SD = 1.14). In 5R 8/5, girls reported a higher preference (M = 5.46, 
SD = 1.15) than boys (M = 3.57, SD = 1.14). 
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For the purple family, ten dependent variables were used in similar fashion to 
the red family (i.e. purple color preferences). Again, the independent variable was 
gender. Preliminary assumption testing was conducted to check for normality, linearity, 
univariate and multivariate outliers, and multicollinearity - again, no serious violations 
were noted. There was a statistically significant gender difference in the purple hue 
family: F (9, 53) = 2.8, p < .05; Wilks’ Lambda = .68; partial eta squared = .32.  
The mean differences were significant in 5P 6/2 (p = .000), 5P 7/2 (p = .022), 
5P 7/5 (p = .046), and 5P 7/8 (p = .004) at the .05 alpha level. Using a Bonferroni 
adjustment, a new alpha level of .005 was used. There were statistically significant 
gender differences in only 5P 6/2 and 5P 7/8. Boys reported a higher preference (M = 
3.80, SD = 1.94) than girls (M = 2.15, SD = 1.37) in 5P 6/2. In the case of 5P 7/8, girls 
reported a higher preference (M = 5.85, SD = 1.33) than boys (M = 4.47, SD = 2.24). 
Table 6.4 shows results from multivariate tests for gender difference in purple hue 
family. 
 
TABLE 6.4 
Multivariate Tests (b) for Gender Difference in Purple Hue Family 
Effect   Value F 
Hypothesis 
df 
Error 
df Sig. 
Partial Eta 
Squared 
Intercept Pillai's Trace .999 4302.124(a) 9.00 53.00 .000 .999 
  Wilks' Lambda .001 4302.124(a) 9.00 53.00 .000 .999 
  Hotelling's Trace 730.549 4302.124(a) 9.00 53.00 .000 .999 
  Roy's Largest Root 730.549 4302.124(a) 9.00 53.00 .000 .999 
Gender Pillai's Trace .322 2.796(a) 9.00 53.00 .009 .322 
  Wilks' Lambda .678 2.796(a) 9.00 53.00 .009 .322 
  Hotelling's Trace .475 2.796(a) 9.00 53.00 .009 .322 
  Roy's Largest Root .475 2.796(a) 9.00 53.00 .009 .322 
(a)  Exact statistic 
(b)  Design: Intercept + Gender 
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6.2 CONCLUSION 
The pilot study generated healthy children’s five most preferred colors among 
each of the five hue families based on the Munsell color system. The five colors were 
red (5R 7/8), yellow (5Y 9/8), green (5G 7/8), blue (5B 6/8), and purple (5P 7/8).  
 
 
 
  
Figure 6.16: The Most Preferred Colors among Five Major Hue Families 
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Figure 6.16 shows the most preferred five colors and these colors were used as 
independent variables for the main study. An additional neutral color (white) was 
included because of its pervasiveness in healthcare facilities. 
Within the limited color samples, children tend to prefer highly saturated and 
brighter colors. Caucasian and non-Caucasian children groups were compared and no 
significant differences were found. In terms of gender differences, slight gender 
differences were found in two samples from each of the red and purple hue families. 
Boys reported higher preferences for darker and less saturated colors than did girls; 
specifically 5R 7/2 and 5P 6/2. In contrast, girls showed a higher preferences for brighter 
and more saturated colors; that is, 5R 8/5 and 5P 7/8. Other than these four colors, there 
were no statistically significant gender effects. 
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CHAPTER VII 
METHODOLOGY FOR EXPERIMENT II (MAIN STUDY): COLOR 
PREFERENCES FOR PEDIATRIC PATIENT ROOMS 
 
7.1 PURPOSE 
The purpose of this main study was to investigate the value of color as a 
component in a healing environment for pediatric patient rooms. Three different groups’ 
color preferences were investigated and compared. From comparing these data, design 
implications regarding color applications for pediatric populations were provided. These 
results can help healthcare providers and professionals to select appropriate colors for 
pediatric populations. 
Pediatric patients’ color preferences (i.e. users of patient rooms) were 
investigated and compared to healthy children’s color preferences and design 
professionals’ color appreciation on pediatric patient room design (i.e. decision-makers 
for pediatric patient room design). 
This study has provided a foundation for environmental color studies in real 
contexts. It advanced the understanding of the pediatric patients’ perception of patient 
wall colors. This knowledge will facilitate improvements in the design of future children 
hospitals.  
 
 
 
 102
7.2 HYPOTHESES 
When children are sick, they may not perceive their surroundings in the same 
way as healthy children. More specifically, patients in negative emotional states tend to 
process their feelings and emotions in negative ways (Carpman & Grant, 1993). From 
this, it can be hypothesized that health status may play a role in how people perceive 
their environments. Therefore, the first hypothesis was that children’s color preferences 
change with health status. To test this hypothesis, healthy children and pediatric patients 
groups were served. 
Design professionals should provide psychologically supportive environments 
for patients in order to promote their wellness. To do so, designers should thoroughly 
understand patient’s needs in terms of healthcare facility design. As designers occupy a 
socially responsible role, knowledge-based design is critical in order to allow them to 
create healing environments (Shepley, Fournier, & McDougal, 1998). However, since 
there is no empirical evidence regarding color applications for pediatric patients, 
designers may follow their own aesthetic preferences which can be different from those 
of the public. Architect and non-architect groups show strong differences in preferences 
for model colors (Hogg, Goodman, Porter, Mikellides, & Preddy, 1979). Most artists and 
experienced art viewers also reject the public’s belief that art should make them feel 
happy or relaxed (Winston & Cupchik, 1992). This leads to the second hypothesis, 
which was that design professionals’ appreciation of color on pediatric patient room 
design is different from pediatric patients’ perception of color on patient rooms. To test 
this hypothesis, design professionals and pediatric patients groups were served. 
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Actual users’ color preferences in patient rooms (pediatric patients) were 
investigated and compared to healthy children’s color preferences (i.e. normal children) 
and design professionals’ color appreciation in pediatric patient room design (i.e. 
decision-makers for pediatric patient room design). Figure 7.1 displays conceptual 
diagram of main study. 
 
 
 
Figure 7.1: Conceptual Diagram of Main Study 
 
Hypothesis 1: Healthy children’s color preferences are different from pediatric 
patients’ color preferences. 
Hypothesis 2: Design professionals’ appreciation of color on pediatric patient 
room design is different from pediatric patients’ perception of 
color on patient rooms. 
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7.3 PARTICIPANTS 
7.3.1 Demographic Information of Participants 
A total of 213 subjects participated in this study. Sixty healthy children (29 
boys and 31 girls, mean age = 9.08 years) were recruited from schools in Brazos County, 
Texas. Sixty pediatric outpatients (22 boys and 38 girls, mean age = 9.17 years) were 
recruited from the Pediatric Clinic Center at Scott & White Memorial Hospital in 
Temple, Texas. Thirty-three pediatric inpatients (21 boys and 12 girls, mean age = 9.5 
years) were recruited from the Scott and White Hospital in Temple and St. Joseph 
Regional Health Center in Bryan, Texas. A total of 60 design professionals (31 males 
and 29 females, mean age = 40.83 years) from FKP in Houston, HKS in Dallas, RTKL 
in Dallas, and WHR in Houston participated in this study. Demographic information of 
the participants is summarized in Tables 7.1 and 7.2. 
 
 
TABLE 7.1 
Age Distribution of Subjects 
Age (year) 
Group 
7 8 9 10 11 23 - 62 
Total 
Pediatric Inpatients 10 2 6 6 9 - 33 
Pediatric Outpatients 12 17 14 9 8 - 60 
Healthy Children 11 17 17 10 5 - 60 
Design Professionals - - - - - 60 60 
Total 33 36 37 25 22 60 213 
 
 
 105
 
TABLE 7.2 
Ethnicity Distribution of Subjects 
Ethnicity 
Group 
White African-American Hispanic Asian Other 
Total 
Pediatric Inpatients 16 9 3 0 5 33 
Pediatric Outpatients 26 8 14 1 11 60 
Healthy Children 39 2 15 2 2 60 
Design Professionals 49 0 2 8 1 60 
Total 130 19 34 11 19 213 
 
 
7.3.2 Recruitment of Participants 
This study has been approved by the Institutional Review Board – Human 
Subjects in Research, Texas A&M University, Institutional Review Board of St. Joseph 
Health System, Scott & White Institutional Review Board, the Research Review 
Committee from College Station Independent School District (CSISD), and the Bryan 
Independent School District Research Committee.  
The risk associated with this study was minimal. It might be possible that 
subjects feel uncomfortable from being in a novel research situation. To manage this, the 
researcher introduced himself and the characteristics of the research to participants in 
order to become familiar with them prior to the experiment. There was no compensation 
for participation. 
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7.3.2.1 Pediatric Inpatients Group 
Pediatric inpatients were recruited from the Scott and White Memorial Hospital 
in Temple, and the St. Joseph Regional Health Center in Bryan, Texas. The researcher 
contacted charge nurses at both hospitals and all experiments were processed through 
these persons. At no point during the selection and recruitment process did the 
researcher have access to personally identifying or sensitive medical records; the 
selection and recruitment process was handled by the nurses and they did not provide 
any patient information to the researcher except in the case of demographic information 
obtained from completed consent forms.  
Potential participants were selected from the hospitals’ population based on the 
discretion of the nurses. Patients who were color blind, mentally ill, or unable to 
participate based on the judgment of the nurses or physicians were excluded. 
The charge nurse initially contacted the potential participants and their parents; 
the nurse gave the patients and their parents consent forms to sign and return prior to 
participation. Before receiving the completed consent forms, the researcher had no direct 
contact with or personally identifying information about the subject population; that is, 
patients who were ineligible or who chose not to participate in the experiment remained 
completely anonymous to the researcher. Upon receiving the completed consent forms, 
the nurse and the researcher set up schedules of participation. Based on the schedule, the 
researcher contacted the participants. The participants conducted the experiments in their 
patient rooms based on a first-available first-participate principle. 
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Unfortunately, data collection from pediatric inpatients was extremely slow 
because the majority of pediatric patients were either too young or too old (less than 7 
years or greater than 11 years). Outpatient data collection was suggested by Dr. Tasha 
Burwinkle, Resident Educator/Research Program Manager at the Children's Hospital at 
Scott and White, because the hospital usually has more outpatients than inpatients. In 
discussion with the researcher’s Ph.D. committee members about this issue, the 
recruitment of both pediatric outpatients and inpatients was decided. Data from pediatric 
outpatient and inpatient groups were gathered and compared.  
 
7.3.2.2 Pediatric Outpatients Group 
All pediatric outpatients were recruited from the Pediatric Clinic Center at 
Scott and White Hospital in Temple, Texas. An examination room was used for the 
experiments. The model was set up on an examination bed.  
The researcher had no access to personally identifying or sensitive medical 
records; the selection and recruitment process was handled by the medical assistants. 
Potential participants were selected from the outpatients based on the discretion of the 
medical assistants. Outpatients who were color blind, mentally ill, or unable to 
participate based on the judgment of the medical staff were excluded. 
The medical assistants initially contacted the potential participants and their 
parents; the medical assistants gave the outpatients and their parents consent forms to 
sign and return prior to participation. Before receiving the completed consent forms, the 
researcher had no direct contact with the patients or personally identifying information 
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about them; that is, patients who were ineligible or who chose not to participate in the 
experiment remained completely anonymous to the researcher. Upon receiving the 
completed consent forms, the medical assistants guided and brought the consentient 
patients and their parents to the examination room where the experiment was set up. A 
first-available first-participate principle was employed for recruitment of pediatric 
outpatients. 
During the outpatient data collection period as many inpatients as possible 
were recruited simultaneously. Figure 7.2 is display method for pediatric outpatients. 
 
 
 
 
Figure 7.2: Display Method for Pediatric Outpatients 
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7.3.2.3 Healthy Children Group 
The experiment for healthy children’s perception of color was conducted at 
elementary and intermediate schools in Brazos County, Texas. Parental permission 
forms and child assent forms were sent to the parents and the children to sign and return 
prior to participation. The researcher and a supervisor of the after school program set up 
a schedule for participation among consentient subjects. Participants performed the 
experiments based on a first-available first-participate rule. A third person fulfilled an 
observer’s role for healthy children group according to the request from the Research 
Review Committee from College Station Independent School District.  
Age group was important because this study compares children’s preference to 
adults’, meaning that the two groups must have a similar capability for interaction with 
the research tool. The children’s age group of 7 – 11 years was used because they are 
fully developed in dual representation (DeLoache, Peralta de Mendoza, & Anderson, 
1999). Though their cognition has been transformed into more organized thoughts, it is 
not yet as fixed as adults’ (Brainerd, 1978). 
 
7.3.2.4 Design Professionals Group 
Design professionals conducted the experiments in their offices. Healthcare 
designers, architects, and interior designers were the major target populations for this 
study as they are the decision-makers for pediatric patient room designs. FKP in 
Houston, HKS in Dallas, RTKL in Dallas, and WHR in Houston were proposed and 
used as research sites throughout the discussion with the researcher’s Ph.D. committee 
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members since they were sponsors of the Health Industry Advisory Council. Consent 
forms were obtained prior to participation. 
 
7.4 APPARATUS 
The scale-model being used in the previous pilot study was employed for all 
subject groups in this main study. The layout and environment of the scale-model was 
identical with the previous pilot study circumstances except for the single 
interchangeable side wall’s color.  
 
 
 
Figure 7.3 Display Method of Six Scale-Models for Design Professionals 
 
In terms of data collection from design professionals, six scale-models were 
utilized. Colors were randomly displayed based on prearranged order using Latin Square 
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Design. The Latin Square Design is a square matrix such that no two if the same items 
are repeated twice in any row or column; in other words, each item appears in all rows 
and columns but only one time in and in a systematic order. This enhances randomness 
and eliminates selection bias. Participants experienced six different colors 
simultaneously and indicated their preferences on questionnaires. Figure 7.3 shows 
display method for design professionals. 
For the pediatric patients and healthy children groups, an alternative method of 
one model with six colored cards, instead of using six colored models, was applied. 
When the researcher recruited the first pediatric patient at St. Joseph Regional Health 
Center in Bryan, six models were presented to the patient and the patient experienced 
them altogether prior to the preference rating. Then the patient indicated his/her 
preference to one model at a time. That procedure seemed to work sufficiently well. 
However, bringing six models into the small patient room was inefficient because of 
crowding with the patient, the researcher, the charge nurse, and the participant’s parents. 
To avoid crowding the patient room, a new display method was used which 
employed one model with six colored cards all together in the interchangeable wall’s slot. 
Prearranged colored cards based on the Latin Square Design were inserted in the slot of 
the model and the participants indicated their preferences to one color at a time. After 
each color preference rating, the very first colored card was removed from the slot and 
consequently the next colored card was presented. The participants saw one model, but 
experienced the different colors sequentially. Figure 7.4 presents display method of one 
scale-model with six color cards for children. 
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Figure 7.4 Display Method of One Scale-Model with Six Color Cards 
 
For the simultaneous comparison of all six colors, a picture of all six different 
colored scale-models was made and presented to the participants prior to the preference 
rating task (see Figure 7.5). This method was applied to both pediatric patients and 
healthy children for consistency. 
 
 
 
Figure 7.5 Picture of Six Colored Scale-Models of Patient Room 
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An Ishihara plate was used to eliminate participants with color perception 
deficiencies. The Ishihara plates were used to make a quick and precise assessment of 
color vision problems. The plate used in this study was a No. 4 plate; the normal 
children read the plate as 29, but those who had red-green deficiencies read it as 70. 
Those who had serious color vision problems would not have been able to read any 
numbers on it. Original plates were used for an accurate assessment of color deficiency 
because reproduced or poor quality plates could have caused misleading results. 
Since emotions are associated with colors (Boyatzis & Varghese, 1994; 
Hemphill, 1996; Zentner, 2001), a quick mood test was performed prior to the color 
preference rating tasks for all participants. The Self-Assessment Manikin (SAM) was 
used for measuring participants’ mood (see Appendix L). The SAM is a picture-oriented 
instrument for emotional responses and it has been used for decades in experimental 
psychology with children (Greenbaum, Turner, Cook, & Melanmed, 1990), patients 
(Cook, Melamed, Cuthbert, McNeil, & Lang, 1988; Patrick, Bradley, & Lang, 1993), 
and adults (Bradley & Lang, 1994). 
The Pediatric Quality of Life Inventory (PedsQL) is a research instrument for 
assessing health-related quality of life in children ages 2 – 18 years (Varni, Seid, & Rode, 
1999). In order to measure color preferences, a modified PedsQL (see Appendix M) was 
used for all subject groups. Color preferences can be marked on a 10 cm horizontal line 
that as an analogue scale. The marked preferences can be converted to 0 to 100 points 
with 1 mm equivalent to 1 point. In addition to the modified PedsQL, additional 
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questions such as age, gender, ethnicity, field of work, model preference order, and 
reasons for the model order selections were added on questionnaires for design 
professionals (see Appendix K). 
 
7.5 VARIABLES 
The previous pilot study generated healthy children’s five most preferred colors 
among each of the five hue families based on the Munsell color system. The five colors 
were used as independent variables for this main study. In addition to the five colors, a 
neutral color (white) was included because it is a pervasive color in healthcare facilities.  
The colors used as independent variables were red (5R 7/8), yellow (5Y 9/8), 
green (5G 7/8), blue (5B 6/8), purple (5P 7/8), and white (N 9.5) as shown in Figure 7.6.  
 
 
 
Figure 7.6 Colors as Independent Variables 
 
 
Color preferences (both healthy and pediatric patient groups) and selections of 
the appropriate color for pediatric patient room design and their reasons (design 
professional group) were measured as dependent variables. 
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7.6 PROCEDURE 
All subjects participated based on first-available first-participate principle and 
performed experiments individually. Pediatric inpatients were tested in their patient 
rooms, pediatric outpatients were tested in an examination room, healthy children were 
tested in a secure place such as a classroom or lecture room, and design professionals 
were tested in their offices. Table 7.3 shows the organization of the main study. 
 
TABLE 7.3 
Organization of the Main Study  
Session Subject Group Research Site Experiment 
A Pediatric Inpatients Hospitals in Texas 
- Scott and White Memorial Hospital 
- St. Joseph Regional Health Center 
  
Color Preferences 
B Pediatric Outpatients Pediatric Clinic Center at Scott and 
hite Memorial Hospital W
  
Color Preferences 
C Healthy Children Schools in Brazos County, Texas 
  
Color Preferences 
D Design Professionals Design Firms in Texas Color Selections 
for Pediatric 
atient Rooms P
 
 
 
7.6.1. Procedure for Pediatric Patients Group 
Experimental procedures were identical for all children groups (pediatric 
inpatients, pediatric outpatients, and healthy children). The only difference was the 
locations where the experiments were conducted. Distractions from the outside 
environment were minimal because the room lights were off while conducting the 
experiments. For pediatric inpatients, the experiments were conducted in their patient 
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rooms. A bedside table was used to carry and display a 1:12 scale-model. For pediatric 
outpatients, an examination room at the Pediatric Clinic Center was used and the model 
was displayed on an examination bed in the same room. 
The introduction and color vision screening were identical to that of the pilot 
study. All participants passed the test. 
A quick mood test was performed prior to the color preference rating tasks by 
using the SAM. The subjects were shown the SAM and it was explained by the 
researcher. “This is about how you’re feeling now. It has nothing to do with this model 
[handing out the SAM]. [Indicating the 1st row in the SAM] These figures are about 
how happy you are. If you are very happy, you check this box. If you are very sad, you 
check this box. [Indicating the 2nd row in the SAM] These figures are about how excited 
you are. If you are very excited, you check this box. If you are very calm, you check this 
box. [Indicating the 3rd row in the SAM] These figures are about how confident you are. 
If you feel very confident, you check here. If you feel very shy, you check here.” 
Consequently the subjects were asked to indicate their emotional state on the SAM. “Go 
ahead and check how you feel now.” 
The subjects were shown the PedsQL and the researcher explained how to 
answer. “This is a form that will tell me how much you like these colors. If you like this 
color a lot, please draw a line near the happy face like this. If you think the color is just 
“so-so”, put a line near the middle. If you do not like this color at all, put a line by the 
sad face. You can practice with the form if you like. Or, we can just begin. Would you 
like to practice first, or start now?” 
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In the event that the subjects wanted to practice or did not understand how to 
use the PedsQL, a practice run was provided. Six different pictures were displayed on 
the desk. The subjects were asked to select both the most preferred and least preferred 
pictures. A template PedsQL and a pencil were given to the subjects. Either of two 
pictures selected by the subjects was displayed and then the subjects were asked to 
perform their preference rating. After the completion, the evaluated picture and the 
template PedsQL were removed and the remaining picture was given to the subjects for 
an additional preference rating practice. The researcher checked whether the subjects 
were able to read the directions and to mark their preference on the template PedsQL 
correctly. This practice run was repeated a maximum of three times until the subject 
performed all responses correctly. Anyone who failed the practice run was excluded 
from the study. All pediatric patients understood how to mark their preferences on the 
PedsQL. 
After completing the practice runs for the PedsQL, a picture of six differently 
colored patient rooms was presented to the subjects for simultaneous comparison. 
Sufficient time was given to the subjects for exploring the environment of the rooms and 
deciding on each evaluation.  
The subjects were introduced to the next experiment verbally, “Now we are 
ready to look at the model. You are going to see six different wall colors [showing the 
picture of the six colored models]. What you need to do is to mark how much you like 
each color on the form. Before we start, take your time and look around the picture of 
the rooms as much as you want. Then, let me know when you are ready.” 
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When ready, the preference rating task began. To control the illuminance levels 
inside the models, the patient room lights were turned off and the windows were blocked 
by blinds. This was explained to the participants verbally by the researcher. “To help the 
model look clear, I am going to make the room dark. You can ask me to turn on the 
lights and open the blinds anytime if you want. Now, I will turn off the lights and blind 
the windows. [Turning off the lights and closing the window blinds.]” Anyone who did 
not want the lights off or windows blinded was excluded from the study. No subjects 
refused the lights-off and window blinding conditions. 
To display six different colors sequentially, a 1:12 scale-model with six 
differently colored cards in the slot of the model was used. Prearranged colored cards 
based on the Latin Square Design were inserted in the slot of the model and the 
participants indicated their preferences to one color at a time. After each color 
preference rating, the very first colored card was removed from the slot and 
consequently the next colored card was presented. The participants saw one model but 
experience six different colors. 
The subjects were asked to rate their preference for each color on the PedsQL. 
A pen and the PedsQL forms were provided to the subjects. One colored room at a time, 
in random order, was presented to the subjects. Then, the subjects marked their 
preferences about the room on the PedsQL. After each evaluation, the PedsQL was 
removed and another colored room, in random order, was presented to the subjects. The 
subjects’ evaluation continued until all the rooms had been evaluated.  
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Flow Diagram Verbal Description Instrument
  
My name is Jin Gyu Park. I need your help 
because I want to know about children’s 
favorite colors. There are no right or wrong 
answers because this is not a test. It will take 
about twenty minutes to finish. You can ask 
questions or stop at anytime. 
 
What do you see in this picture? Ishihara plate
This is about how you’re feeling now. It has 
nothing to do with this model. 
(Explanation about the SAM) 
Go ahead and check how you feel now? 
SAM, 
Pen 
This is a form that will tell me how much you 
like these colors. If you like this color a lot, 
please draw a line near the happy face like 
this. If you think the color is just “so-so”, put a 
line near the middle. If you do not like this 
color at all, put a line by the sad face.  
You can practice with the form if you like. Or, 
we can just begin. Would you like to practice 
first, or start now?  
 
Pictures, 
PedsQL,  
Pen 
Now we are ready to look at the model. You 
are going to see six different wall colors. What 
you need to do is to mark how much you like 
each color on the form. 
Before we start, take your time and look 
around these rooms as much as you want. 
Then, let me know when you are ready. 
Picture of the 
six colored 
rooms, 
Model 
To help the model look clear, I am going to 
make the room dark. I am going to close the 
blinds and turn off the lights. If you feel 
uncomfortable, tell me and I will turn the 
lights back on.  
Model, 
PedsQL,  
Pen 
  
 
Alright, you are finished. Thank you very 
much. I appreciated your help (and I hope you 
feel better soon). 
 
 
Figure 7.7: Flow Chart of the Procedure for Children Groups 
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As soon as the test was completed, the researcher announced that the 
experiment was finished. “Alright, you are finished. Thank you very much. I appreciate 
your help and I hope you feel better soon.” This experiment took approximately twenty 
minutes per child to complete. 
The patient’s name, date of birth, and gender were gathered from the parental 
permission form. The patients’ mood and their responses to the colors were gathered 
using the SAM and PedsQL. Any identifiable health information was not gathered 
because of the concern of wrongful disclosure according to the Health Insurance 
Portability and Accountability Act. 
Figure 7.7 shows a flow chart of the procedure for all children groups (pediatric 
inpatients, pediatric outpatients, and healthy children). 
 
7.6.2. Procedure for Healthy Children Group 
For the healthy children group, a secure place such as classroom or lecture hall 
in their school was chosen based on convenience (size, availability, etc.). Desks in the 
room were arranged in front of a chair. The desks were covered with white cloth on top. 
The model was displayed on the desks. All procedures for the healthy children group 
were identical to that for the pediatric patients groups. No participants showed a problem 
with the color deficiency test, practice run of the PedsQL, the lights-off, or window 
blinding. This experiment took approximately twenty minutes per child to complete. 
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7.6.3. Procedure for Design Professionals Group 
To get design professionals’ color appreciations about pediatric patient room 
design, the six models were displayed and presented with different colors on their accent 
walls in an assigned room at their offices.  
Design professionals participated voluntarily. Consents were obtained prior to 
participation. All participants took color deficiency tests by using the Ishihara plate. 
After color deficiency test, the participants were given a questionnaire with a pen and 
asked to complete the questionnaire heart their own pace. The necessity of the room 
lights being off was explained to the participant verbally by the researcher. Anyone who 
did not want the lights off or windows blinded was excluded from the study. All design 
professionals were satisfied the color deficiency test, usage of the PedsQL, and the lights 
off, and window blinding. This experiment took approximately twenty minutes per 
participant to complete. Figure 7.8 displays experimental setting for design professionals. 
 
 
 
Figure 7.8: Experimental Setting for Design Professionals 
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7.7 RELIABILITY 
In order to generate scientific results, data obtained from research must be 
valid and reliable. The concept of reliability refers to consistency of results under 
different time or location. Reliability also concerns the degree of replication. The 
experimental tools and procedures of this study were replicable and applicable for other 
settings. This study measured three different subject groups’ preferential responses to 
various colored rooms using scale-models. Color preferences were expected to be 
reliable since only colors were manipulated; that is, all conditions except the colors were 
identical regardless of locations and time.  
 
7.8 VALIDITY 
This main study was categorized as an experimental design since the 
independent variables were controlled by the researcher in order to observe their effects 
on the dependent variables. Unless a research design is strong in validity, the research 
might be confounded with plausible alternative explanations. As such, this study was 
evaluated in terms of four types of validity one by one. For a more detailed discussion of 
the four types of validity, refer to section 5.7. For the final study, validity concerns were 
addressed as follows.  
 
7.8.1 Statistical Conclusion Validity 
Statistical conclusion validity concerns statistical inferences regarding whether 
variables are related to one another or not. If the variables are related, then further 
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investigation about causal relationship is worth to be conducted which is the concern of 
internal validity. This study focuses on four different subject groups: pediatric inpatients, 
pediatric outpatients, healthy children, and design professionals. Each of the groups had 
a sample size of 60 subjects, excluding the pediatric inpatient group which included 33. 
A mixed between-within subjects ANOVA was used for investigating correlations 
between and within subject effects. An alpha value of 0.5 was used and the mixed 
between-within ANOVA revealed that the main effect for group was significant in term 
of mean differences. Therefore, a post hoc test was conducted in order to investigate 
group differences. The Games-Howell Test was selected since it is useful when 
variances are unequal. The Games-Howell Test revealed group differences in terms of 
the mean score comparison.  
When the range of outcome values is too narrow, the outcome is subject to 
extreme responses (Shadish, Cook, & Campbell, 2002). To identify color preferences, a 
10 cm long analogue PedsQL was employed. It allowed for an easy conversion of the 
participant’s color preferences into 0 to 100 points. The SAM provided nine steps of 
happiness, excitement, and confidence for the participant to check his/her emotion. 
These instruments provided a sufficient range of the selection regarding the participants’ 
emotion and color preferences. 
Statistical conclusions can be influenced if treatment is conducted 
inconsistently from person to person within sites (Lipsey, 1990); it commonly results in 
effect size reduction (Shadish, Cook, & Campbell, 2002). The instruments and 
procedures used in this study were identical for all subject groups so the inconsistency 
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threat was minimal. All participants’ color preferences were measured by the PedsQL by 
using the same scale-model simulation in secure places under lights off conditions.  
To reduce extraneous variance in the experimental setting, participants need to 
focus on the experiments (Shadish, Cook, & Campbell, 2002). Again, the lights-off 
condition in secure places addressed the potential for distraction from the outside 
environment. 
 
7.8.2 Internal Validity 
Internal validity refers to whether dependent variables result from independent 
variables. Different colors in the scale-model rooms were only manipulated and then the 
preferential responses were expressed by participants. That is, colors were independent 
variables and the participants’ preferential responses were dependent variables; in this 
case, the causes (colors) and outcomes (preference orders) are not reciprocal. 
Selection bias can influence the effects because of population differences; this 
bias can be reduced by random assignment because randomly assigned groups are 
different only by chance (Shadish, Cook, & Campbell, 2002). All consentient 
participants performed the experiments by means of first-available first-participate 
principle, or nonrandom convenience sampling. Instead of randomizing subjects to 
experiments, the color samples used in this study were displayed randomly using the 
Latin Square Design in order to reduce the order effect.  
The history threat can be reduced by isolating participants from outside stimuli 
or by selecting dependent variables that could seldom be influenced by outside 
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environments (Shadish, Cook, & Campbell, 2002). Maturation addresses participants’ 
changes during the experiments, such as older or wiser as time goes by (Shadish, Cook, 
& Campbell, 2002). The history threat was minimal as participants were isolated.  
Practice and familiarity can influence treatment effects (Shadish, Cook, & 
Campbell, 2002). All subjects had only one opportunity to participate so familiarity 
threat was minimal. Children who previously went through the pilot study were allowed 
to participate in the main study again, so they may have been familiar with the scale-
model simulation experiments. However, the threat was minimized because the 
independent variables and measurement instruments of the main study were different 
from those of the pilot study. 
 
7.8.3 Construct Validity 
Construct validity refers to the degree of generalization between experimental 
level and theoretical level. While the most precise solution to exploring color effects 
would be to paint a real health care environment, it was an impractical option.  Scale 
models were used due to its feasibility and reliability. Participants’ preferential orders 
are considered as a significant indicator of the participant’s satisfaction with the wall 
colors of patient rooms based on the Conceptual Model of the Effects of Physical 
Environments on Children’s Health-Related Outcomes proposed by Sherman, Shepley, 
and Varni (2005). Figure 7.9 shows conceptual diagram of construct validity in this 
study. 
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Figure 7.9: Concept Diagram of Construct Validity in the Study 
 
Monomethod bias can occur when a complex piece of research is measured by 
just one method (Shadish, Cook, & Campbell, 2002). If the results of different 
measurements agree, the results are more trustworthy (Brewer & Hunter, 1989). In 
addition to the color preference measure, the participant’s mood was checked since color 
preference can be influenced by emotion. It not only facilitated the analysis of the 
relationship between emotion and color preferences, it also reduced the possibility of an 
alternative explanation of causal relations.  
 
7.8.4 External Validity 
External validity refers to the degree of generalization of findings from 
experiments to real settings. Random sampling secures external validity but achieving 
random sampling in experiments is very difficult (Shadish, Cook, & Campbell, 2002). 
 127
All participants were recruited based on a first-available first-participate principle. This 
approach is categorized as convenience sampling which is nonrandom. This nonrandom 
sampling may be a factor to decrease external validity. To draw a large sample size is 
effective to reduce sampling error; and sample bias can be reduced by careful sampling 
methods (Sommer & Sommer, 1997). Sample size of this study is relatively small so it 
may decrease external validity.  
A mediator considered as significant in one context may not function in another 
context (Shadish, Cook, & Campbell, 2002). This main study is context-dependent. The 
environments of the scale-model rooms were adjusted to the illumination level from 12 
pm to 2 pm during the fall season (October to February) in Bryan, Texas. Environmental 
color effects were investigated using one color at a time applying on the accent wall so 
effect of interactions between adjacent two or multiple colors were not applied. These 
specific contexts can decrease the external validity; this study is limited to generalize 
findings applying for the specific contexts.  
 
7.8.5 Conclusion 
As an experimental design, this main study had high internal validity since the 
independent and dependent variables were carefully controlled by the researcher. 
However, it had relatively low external validity because of the nonrandom sampling and 
context dependency; that is, the generalizations of the study would be limited within the 
specific contexts in which it was conducted.  
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CHAPTER VIII 
RESULTS AND DISCUSSION OF EXPERIMENT II (MAIN STUDY) 
 
8.1 RESULTS 
This study addresses two hypotheses. The first is that healthy children’s color 
preferences are different from pediatric patients’ color preferences. To test this 
hypothesis, healthy children and pediatric patient groups were served and compared. The 
second hypothesis is that design professionals’ appreciation of color on pediatric patient 
room design is different from pediatric patients’ perception of color on patient rooms. To 
test the hypothesis, design professionals and pediatric patients groups were served.  
Color preferences were measured using a modified Pediatric Quality of Life 
Inventory (PedsQL) for all participants. The PedsQL is a research instrument for 
assessing health-related quality of life in children ages 2 to18 years (Varni, Seid, & Rode, 
1999). Color preferences were marked on a 10 cm horizontal line. The marked 
preferences were converted to 0 to 100 points with 1 mm equivalent to 1 point. In 
addition to the modified PedsQL, additional questions such as age, gender, ethnicity, 
field of work, colored model preference order, and reasons for the model order selections 
were added on questionnaires for design professionals. 
Since emotions are associated with colors (Boyatzis & Varghese, 1994; 
Hemphill, 1996; Zentner, 2001), a quick mood test was performed prior to the color 
preference rating tasks for all participants. The Self-Assessment Manikin (SAM) was 
used for measuring participants’ mood. The SAM is a picture-oriented instrument for 
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emotional responses and it has been used for decades in experimental psychology with 
children (Greenbaum, Turner, Cook, & Melanmed, 1990), patients (Cook, Melamed, 
Cuthbert, McNeil, & Lang, 1988; Patrick, Bradley, & Lang, 1993), and adults (Bradley 
& Lang, 1994). The SAM was designed based the theory that emotion can be explained 
by combinations of pleasure, excitement, and dominance. The SAM consists of these 
three components in the forms of a picture scale so children are able to indicate their 
emotional states without verbal instruction. Each of the components has nine boxes to 
check. Therefore, the subject’s mark on emotional states can be converted from 1 to 9 
points. Using the quantified data, correlations between emotional states and color 
preferences were investigated using analysis of covariance.  
First of all, the design professionals’ color preference scores and their reasons 
for the selections were analyzed. The results from design professionals were compared 
with those of other groups using mixed between-within subjects analysis of variance in 
order to investigate group, gender, and ethnic differences. 
 
8.1.1 Design Professionals’ Color Selections 
A total of sixty design professionals participated in this study. Their fields of 
experience were mostly healthcare design, architectural design, or interior design. The 
design professionals were asked to indicate the most and least appropriate colors for 
pediatric patient rooms on the modified PedsQL. They were also asked to explain their 
reasons for the color selections on a questionnaire. 
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8.1.1.1 Design Professionals’ Color Preference Scores 
Design professionals’ color preference scores were analyzed and the means and 
standard deviations are presented in Table 8.1. Design professionals scored blue as the 
most appropriate color for pediatric patient room design, followed by green, purple, 
yellow, red, and white (from most appropriate to least, see Figure 8.1).  
 
TABLE 8.1 
Means and Standard Deviations of Design Professionals’ Color Preferences 
 N Mean Std. Deviation 
Preference (Blue) 60 70.050 25.2797 
Preference (Green) 60 65.508 28.4958 
Preference (Purple) 60 60.833 24.8345 
Preference (Yellow) 60 49.667 32.3706 
Preference (Red) 60 49.325 25.2905 
Preference (White) 60 14.933 22.9324 
 
 
  
Figure 8.1: Designers’ Preferences of Color on Pediatric Patient Room Design 
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8.1.1.2 Design Professionals’ Reasons for Color Selections 
Design professionals’ reasons for the color selections were gathered from the 
questionnaire. Their descriptive reasons were categorized as follows: Positive emotions 
(happy, cheerful, hopeful, energizing, lively, fun, uplifting, or inviting), negative 
emotions (depressive, non-inviting, agitating, or unnatural), restoration (calming, 
soothing, restful, relaxing, or soft-ease tension), reference to nature (recalls natural 
environment), discomfort (high anxiety, hyperactive, too stimulating, or vomitory 
response), positive skin color reflection (patient looks healthier), negative skin color 
reflection (hard to diagnose, looks jaundice, or liver inflection), neutral color (no gender 
specification), institutional look (too stark or sterile, inhumane, no life, or too clinical), 
and other (by intuition, or no selection). 
 
  
Figure 8.2: Designers’ Most Appropriate Colors for Pediatric Patient Room Design 
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Figure 8.3: Designers’ Least Appropriate Colors for Pediatric Patient Room Design 
 
Figures 8.2 and 8.3 show design professionals’ most and least appropriate 
colors for pediatric patient room design respectively. 
Design professionals preferred green and blue as the most appropriate colors 
for pediatric patient rooms. The designers indicated that green evokes references to 
nature and positive feelings such as being happy, cheerful, and hopeful. They interpreted 
blue as calming and restful. According to designers, yellow was the third most 
appropriate because it elicits positive feelings and is neutral for both boys and girls. Few 
designers selected purple and white because the purple and white were considered to be 
the least affective colors compared to the others in terms of their effects on patient skin 
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color. The designer professionals were also concerned that if a wall color is too saturated 
it might limit the physician’s ability to diagnose a patient by examining their skin color.  
Regarding the least appropriate colors for pediatric patient rooms, white was 
predominantly selected because it was considered to be too stark or institutional, and 
suggesting of negative feelings such as being cold or depressed. Yellow was the second 
least appropriate color because they felt it might make a patient look sick or jaundice 
which could cause misdiagnoses. One designer specifically indicated that yellow color 
may produce vomiting for some patients based on the information he received from 
pediatric oncologist.  
 
8.1.2 Group Differences in Color Preference 
A mixed between-within subjects ANOVA was conducted to investigate group 
differences in color preferences. Subjects were divided into four groups and served as 
independent variables: healthy children (7–11 years, N = 60), pediatric outpatients (7–11 
years, N = 60), pediatric inpatients (7–11 years, N = 33), and design professionals (18+ 
years, N = 60). Six dependent variables were used: preference scores for red, yellow, 
green, blue, purple, and white. The means and standard deviations of the color 
preferences according to group are presented in Table 8.2.  
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TABLE 8.2 
Means and Standard Deviations by Group 
 
 
Mauchly’s test pf sphericity indicated that the assumption of sphericity had 
been violated (χ2 (14) = 54.73, p < .05); therefore degrees of freedom were corrected 
using Greenhouse-Geisser estimates of sphericity (ε = .91). Table 8.3 presents tests of 
interactions between color and group. The results showed that the interaction between 
group and color preference was not significant, F (13.68, 952.84) = 1.54, p > .05, partial 
eta squared = .02 which indicates a small effect size.  
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TABLE 8.3 
Color and Group Interactions 
 
 
TABLE 8.4 
Group Differences 
 
 
A 4 (Group) x 6 (Color preference) mixed-model ANOVA revealed that the 
main effect of the between-subjects variable (Group) was significant, F (3, 209) = 7.61, 
p < .05, partial eta squared = .098 which indicates a moderate effect size (see Table 8.4). 
Therefore, a post hoc test was conducted in order to investigate the group difference (see 
Table 8.5). The Games-Howell Test was selected since it is useful when variances are 
unequal. In terms of the mean differences among the groups, the Games-Howell Test 
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revealed that the group of design professionals showed significant differences when 
compared to healthy children and pediatric outpatients. However, there were no 
significant differences among the children groups: healthy, pediatric outpatients, and 
pediatric inpatients. 
 
TABLE 8.5 
Post Hoc Test of Group Differences 
 
 
 
Figure 8.4 shows the means for each group’s color preferences. Healthy 
children reported higher preferences for the colors when compared to the other groups. 
Design professionals had lower preference ratings for colors overall. Even though there 
were group differences in terms of means, the differences were relatively small and all 
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the groups showed similar color preference patterns except for red and yellow; 
interestingly, pediatric patients, both outpatients and inpatients, less preferred than the 
healthy children group for yellow. 
 
 
 
Figure 8.4: Means of Color Preferences by Four Different Groups 
 
To summarize, there was no statistically significant difference between healthy 
children and pediatric patient groups in terms of color preferences. The mean of design 
professionals was significantly different from pediatric outpatients but not from pediatric 
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inpatients. Although the mean difference was significant, the overall color preference 
patterns of all four groups were almost similar excluding slight differences in red, yellow, 
and purple. Blue and green were the most preferred colors and white was the least 
preferred color for all groups. The color preferences of pediatric patients were slightly 
different from the others; they reported higher preferences towards red than the others. 
The overall color preference orders according to the groups are shown in Table 8.6 
 
TABLE 8.6 
Overall Color Preference Orders 
 
 
 
8.1.3 Gender Differences in Color Preference 
8.1.3.1 Overall Gender Differences 
A mixed between-within subjects ANOVA was conducted to investigate 
gender differences. Subjects were divided into males (N =103) and females (N = 110) 
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regardless of their age and used as independent variables. Six dependent variables were 
used: the preference scores for red, yellow, green, blue, purple, and white. The means 
and standard deviations by gender are presented in Table 8.7.  
 
TABLE 8.7 
Means and Standard Deviations by Gender 
 
 
Mauchly’s test of sphericity indicated that the assumption of sphericity had 
been violated (χ2 (14) = 45.64, p < .05); therefore degrees of freedom were corrected 
using Greenhouse-Geisser estimates of sphericity (ε = .93). The results showed that 
interaction between gender and color preference was significant, F (4.63, 976.24) = 
10.65, p < .05, partial eta squared = .05 which indicates a small effect size. Table 8.8 
shows results of color and gender interactions. Contrasts of the interactions are presented 
in Table 8.9. 
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TABLE 8.8 
Color and Gender Interactions 
 
 
 
TABLE 8.9 
Contrasts of Color and Gender Interactions 
 
 
To break down this interaction, contrasts were performed comparing color 
preference across males and females. The results revealed that the increased preference 
found for females was significantly higher than for males when comparing red to white, 
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F (1, 211) = 19.39, p < .05, partial eta squared = .08; blue to white, F (1, 211) = 6.07, p 
< .05, partial eta squared = .03; and purple to white, F (1, 211) = 31.94, p < .05, partial 
eta squared = .13. Figure 8.5 shows male and female mean of color preferences. Males 
reported lower preferences for red and purple than did females.  
 
  
Figure 8.5: Overall Gender Effect 
 
There were gender effects when combining all children and adults subjects 
together. To break down gender differences in detail, the subjects were divided into two 
different groups: children (healthy children, pediatric outpatients, and pediatric 
inpatients) and adults (design professionals). Gender effects on children and adult groups 
were investigated. 
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8.1.3.2 Gender Differences in Adults Group 
A mixed between-within subjects ANOVA was conducted to investigate any 
gender differences in color preferences for the adult group (design professionals). The 
independent variables were males (N =31) and females (N = 29) among design 
professionals. Six dependent variables were used: the preference scores for red, yellow, 
green, blue, purple, and white. The means and standard deviations are presented in Table 
8.10. 
 
TABLE 8.10 
Means and Standard Deviations of Adults Group 
 
 
Mauchly’s test of sphericity indicated that the assumption of sphericity had 
been met (χ2 (14) = 20.37, p = .119 > .05). Table 8.11 presents tests of interaction effects 
and the results showed that there was no significant interaction between gender and color 
preference, F (5, 290) = 1.72, p = .13 > .05, partial eta squared = .03 which is a small 
effect size. Figure 8.6 shows the design professionals’ mean color preferences. Although 
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females tended to prefer colors slightly more than males across all groups, excluding 
white, this was not statistically significant.  
 
TABLE 8.11 
Color and Gender Interactions in Adults Group 
 
 
 
  
Figure 8.6: Gender Effect in Design Professionals Group 
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8.1.3.3 Gender Differences in Children Group 
A mixed between-within subjects ANOVA was conducted to investigate 
gender differences in the color preferences of the children group. All three groups 
(healthy children, pediatric outpatients, and pediatric inpatients) were combined together 
and a new group was created. The children group was divided into males (N =72) and 
females (N = 81) as independent variables. Six dependent variables were used: the 
preference scores for red, yellow, green, blue, purple, and white. The means and 
standard deviations are presented in Table 8.12.  
 
TABLE 8.12 
Means and Standard Deviations of Children Group 
 
 
Mauchly’s test of sphericity indicated that the assumption of sphericity had 
been violated (χ2 (14) = 43.04, p < .05); therefore degrees of freedom were corrected 
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using Greenhouse-Geisser estimates of sphericity (ε = .90). The results showed that the 
interaction between gender and color preference was significant, F (4.51, 680.20) = 
13.82, p < .05, partial eta squared = .08 which indicates a moderate effect size.  
 
TABLE 8.13 
Color and Gender Interactions in Children Group 
 
 
 
TABLE 8.14 
Contrasts of Color and Gender Interactions in Children Group 
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Table 8.13 shows color and gender interactions. Contrasts of the interactions 
are presented in Table 8.14. To break down this interaction, contrasts were performed 
comparing color preferences across males and females. The results revealed that the 
increased preference found among females was significantly higher than for males when 
comparing red to white, F (1, 151) = 13.06, p < .05, partial eta squared = .08 (a moderate 
effect size); and purple to white, F (1, 151) = 36.88, p < .05, partial eta squared = .20 (a 
very large effect size).  
 
 
 
 
Figure 8.7: Gender Effect in Children Group 
 
 
An inspection of means and confidence intervals indicated that males reported 
lower preference scores on red and purple than did females. In contrast, females showed 
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a lower preference for green than did males. Therefore, gender effects in red, green, and 
purple were significant in the children’s groups. Figure 8.7 presents gender differences 
in children group.  
Since gender differences were detected among the children groups, additional 
analyses were conducted to investigate gender differences in each of the healthy children, 
pediatric outpatients, and pediatric inpatients groups separately. 
 
8.1.3.4 Gender Differences in Healthy Children Group 
A mixed between-within subjects ANOVA was conducted to investigate 
gender differences in the healthy children group. Males (N =29) and females (N = 31) 
were used as independent variables. The same six dependent variables from previous 
analyses were used. The means and standard deviations are presented in Table 8.15.  
 
TABLE 8.15 
Means and Standard Deviations of Healthy Children Group 
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Mauchly’s test of sphericity indicated that the assumption of sphericity had 
been violated (χ2 (14) = 29.29, p < .05); therefore degrees of freedom were corrected 
using Greenhouse-Geisser estimates of sphericity (ε = .84). Table 8.16 shows color and 
gender interactions and the results showed that interaction between gender and color 
preference was significant, F (4.21, 243.96) = 5.71, p < .05, partial eta squared = .09 
which indicates a moderate effect size.  
 
TABLE 8.16 
Color and Gender Interactions in Healthy Children Group 
 
 
 
TABLE 8.17 
Contrasts of Color and Gender Interactions in Healthy Children Group 
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To break down this interaction, contrasts were performed comparing color 
preferences across males and females. Table 8.17 presents contrasts of the interactions 
and the results revealed that the increased preference found among females was 
significantly higher than for males when comparing purple to white, F (1, 58) = 12.82, p 
< .05, partial eta squared = .18 (a very large effect size). An inspection of means and 
confidence intervals indicated that males reported significantly lower preference scores 
on purple. Females showed lower interest in green than did males. Figure 8.8 displays 
gender differences in healthy children group. 
 
 
 
 
 
Figure 8.8: Gender Effect in Healthy Children Group 
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8.1.3.5 Gender Differences in Pediatric Outpatients Group 
A mixed between-within subjects ANOVA was conducted to investigate 
gender differences in the pediatric outpatient group. Subjects were divided into males (N 
=22) and females (N = 38). Again, the same six dependent variables were used. The 
means and standard deviations are presented in Table 8.18.  
 
TABLE 8.18 
Means and Standard Deviations of Pediatric Outpatients Group 
 
 
Mauchly’s test of sphericity indicated that the assumption of sphericity had 
been violated (χ2 (14) = 44.69, p < .05); therefore degrees of freedom were corrected 
using Greenhouse-Geisser estimates of sphericity (ε = .77). Table 8.19 presents color 
and gender interactions and the results showed that the interaction between gender and 
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color preference was significant, F (3.86, 223.96) = 5.31, p < .05, partial eta squared 
= .08 which indicates a moderate effect size.  
 
TABLE 8.19 
Color and Gender Interactions in Pediatric Outpatients Group 
 
 
 
TABLE 8.20 
Contrasts of Color and Gender Interactions in Pediatric Outpatients Group 
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To break down this interaction, contrasts were performed comparing color 
preferences across males and females. Table 8.20 displays contrasts of the interactions 
and the results revealed that the females expressed an increased preference for red to 
white, F (1, 58) = 7.52, p < .05, partial eta squared = .15 (a large effect size); and purple 
to white, F (1, 58) = 15.51, p < .05, partial eta squared = .21 (a very large effect size).  
 
 
  
Figure 8.9: Gender Effect in Pediatric Outpatients Group 
 
An inspection of means and confidence intervals indicated that pediatric 
outpatient males reported lower preference scores for purple than pediatric outpatient 
females. Pediatric outpatient females showed a tendency to prefer red more than 
pediatric outpatient males. In contrast, pediatric outpatient males tended to prefer green 
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more than pediatric outpatient females. Figure 8.9 displays gender effect in pediatric 
outpatients group. 
 
8.1.3.6 Gender Differences in Pediatric Inpatients Group 
A mixed between-within subjects ANOVA was conducted to investigate 
gender differences in the pediatric inpatient group. Subjects were divided into males (N 
=21) and females (N = 12). Again, this comparison used the same six dependent 
variables. The means and standard deviations are presented in Table 8.21.  
 
TABLE 8.21 
Means and Standard Deviations of Pediatric Inpatients Group 
 
 
Mauchly’s test of sphericity indicated that the assumption of sphericity had 
been met (χ2 (14) = 6.71, p = .95 > .05). Table 8.22 shows color and gender interactions 
and the results showed that the interaction between gender and color preference was 
 154
significant, F (5. 155) = 4.95, p < .05, partial eta squared = .14 which indicates a large 
effect size.  
 
TABLE 8.22 
Color and Gender Interactions in Pediatric Inpatients Group 
 
 
 
TABLE 8.23 
Contrasts of Color and Gender Interactions in Pediatric Inpatients Group 
 
 
 155
To break down this interaction, contrasts were performed comparing color 
preferences across males and females. Table 8.23 displays contrasts of the interactions 
and the results revealed that the increased preference found among females was 
significantly higher than for males when comparing purple to white, F (1, 31) = 14.85, p 
< .05, partial eta squared = .31 (a very large effect size). An inspection of means and 
confidence intervals indicated that pediatric inpatient males reported lower preference 
scores for purple than pediatric inpatient females. Figure 8.10 presents gender 
differences in pediatric inpatients group. 
 
 
  
Figure 8.10: Gender Effect in Pediatric Inpatients Group 
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Figure 8.11: Comparison of Gender Effects among Children and Adults Groups 
 
 
To summarize, gender effects were found across all of the children groups but 
not the adult group. In the children group with all three groups combined (healthy 
children, pediatric outpatients, and pediatric inpatients), gender differences were found 
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in red, green, and purple. Males reported significantly lower preference scores for red 
and purple when compared to females. In contrast, males preferred green more than 
females. Having found these gender effects, each of the children groups was investigated 
further. In the healthy children group, males less preferred purple than did females. In 
both pediatric outpatient and inpatient groups, males also showed significantly lower 
preference scores for purple than did females. Both male outpatients and inpatients 
tended to prefer red and purple less than female patients. Figure 8.11 displays 
comparison of gender effects from all groups. 
 
8.1.4 Caucasian versus Non-Caucasian Group Differences 
A mixed between-within subjects ANOVA was conducted to investigate 
Caucasian versus non-Caucasian differences. Caucasians (N =130) and non-Caucasians 
(N = 83) were used as independent variables. The same six dependent variables were 
used again. The means and standard deviations are presented in Table 8.24.  
Mauchly’s test of sphericity indicated that the assumption of sphericity had 
been violated (χ2 (14) = 53.67, p < .05); therefore degrees of freedom were corrected 
using Greenhouse-Geisser estimates of sphericity (ε = .91). Table 8.25 shows tests of 
interaction effects between color and groups but the results showed that the interaction 
was not significant, F (4.57, 964.31) = 1.65, p > .05, partial eta squared = .01 which 
indicates a very small effect size. There was no statistically significant difference 
between Caucasian and non-Caucasian groups with an inspection of means and 
confidence intervals. 
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TABLE 8.24 
Means and Standard Deviations of Caucasian and Non-Caucasian Group 
 
 
TABLE 8.25 
Tests of Interaction Effects 
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Figure 8.12: Overall Caucasians and Non-Caucasians Effects 
 
 
Overall Caucasians and Non-Caucasians Effects are presented in Figure 8.12. 
Additional analyses and inspections were performed in order to further investigate the 
Caucasian versus non-Caucasian differences for each of the healthy children, pediatric 
outpatients, pediatric inpatients, and design professionals groups. Throughout the 
analyses, there were no statistical significances in the Caucasian versus non-Caucasian 
groups.  
For reference, the mean plots of color preferences from the adult group (design 
professionals) and children groups are presented in Figure 8.13.  
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Figure 8.13: Comparison of Caucasians and Non-Caucasians Effects 
 
8.1.5 Emotions as Covariates in Color Preference 
Multivariate Analysis of Covariance (ANCOVA) was conducted to explore 
whether emotional states influence color preference scores. Since emotions are 
associated with colors (Boyatzis & Varghese, 1994; Hemphill, 1996; Zentner, 2001), a 
quick mood test was performed prior to the color preference rating tasks for all 
participants. All participants indicated their emotional states using the SAM: happiness, 
from 1 (very sad) to 9 (very happy); arousal, from 1 (very calm) to 9 (very excited); and 
 161
confidence, from 1 (less confident) to 9 (very confident). Using the quantified data, the 
effects of correlations between emotional states and color preferences were investigated.  
Since there were significant differences in gender, gender was used as an 
independent variables: male (N =103) and female (N = 110). This test also employed the 
same six dependent variables as did previous tests. Scores for pleasure, arousal, and 
dominance were used as covariates to control for gender differences. Unadjusted means 
and standard deviations are presented in Table 8.26 and adjusted means and standard 
errors are shown in Table 8.27.  
Preliminary checks were performed to ensure that there was no serious 
violation of the assumptions of normality, linearity, homogeneity of variances, 
homogeneity of regression slopes, and reliable measurement of covariates.  
 
TABLE 8.26 
Unadjusted Means and Standard Deviations 
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TABLE 8.27 
Adjusted Means and Standard Errors 
 
 
Table 8.28 shows results of between-subjects effects. The preliminary results 
indicated that arousal correlated with red color preferences, F (1, 208) = 8.61, p = .004, 
partial eta squared = .04 (small effect size), and dominance correlated with green color 
preferences, F (1, 208) = 4.2, p = .04, partial eta squared = .02 (small effect size), at 
the .05 alpha level. However, a higher alpha level is recommended in order to reduce the 
probability of a Type I error since a number of separate analyses were conducted. The 
most common way to do this is with a Bonferroni adjustment: simply divide the original 
alpha level of .05 by the number of conducted analyses (Pallant, 2005). In this study six 
dependent variables were used to investigate, therefore .05 was divided by 6 to produce 
a new alpha level of .008.  
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TABLE 8.28 
Tests of Between-Subjects Effects 
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TABLE 8.29 
Parameter Estimates 
 
 
Using the new alpha level of .008, there was a statistically significant 
correlation between arousal and red color preference. Contrasts revealed that arousal has 
a positive relationship with red preference scores (the value of b from parameter 
estimates is 2.23, see Table 8.29). In other words, if arousal scores increase by one unit, 
then red color preference scores increase by roughly two units. 
 165
To summarize, emotional states have no strong relationship with color 
preferences overall. Only arousal states influence red color preferences. After controlling 
for emotions (pleasure, arousal, and dominance), the main effects of gender were 
statistically significant for red and purple. This result is same as the results without 
controlling the emotional states as covariates. 
 
8.1.6 Other Considerations Regarding Color Blindness 
Based on data from the National Health Interview Survey by U.S. Department 
of Health and Human Services (1996), the overall rate of people with color blindness 
was approximately 1 percent in the United States. The survey data indicated that 0.4 
percent of those who are under 18 years were color blind, whereas 1.6 percent of those 
who age 45 to 64 years were color blindness. However, no participants were excluded 
from this study because of color deficiency. It is worth noting that it resulted from the 
uniqueness of participants and recruitment process, not resulted from any problem of 
sampling method. 
Prior to participation, parental permissions were obtained for subjects (healthy 
children, pediatric outpatients, and pediatric inpatients). The process of obtaining 
parental permissions likely filtered ineligible children since ineligibility of children with 
color deficiencies was indicated on the parental permission forms. Design professionals 
were also given consent forms. The consent forms noted the exclusion of people with 
color deficiencies and only consentient design professionals participated. The design 
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professionals were considered as a unique sample since they have been trained in 
environmental design fields which demands normal color vision. 
 
8.2 CONCLUSIONS 
This study addressed two hypotheses. One was that healthy children’s color 
preferences are different from pediatric patients’ color preferences. The above results 
indicated that there was no statistically significant difference between healthy children 
and pediatric patients.  
The other hypothesis was that design professionals’ appreciation of color on 
pediatric patient room design is different from that of pediatric patients. The mean of 
design professionals was significantly different from pediatric outpatients but not from 
pediatric inpatients. The mean difference between design professionals and healthy 
children was also significant. Although the mean differences were significant, the overall 
color preference patterns of all four groups were almost same, excluding slight 
differences in red, yellow, and purple.  
Blue and green were the most preferred colors and white was the least 
preferred color for all the groups. The color preferences of pediatric patients were 
slightly different from those of the other groups. Pediatric patients reported higher 
preference scores specifically towards red. The children groups reported higher 
preference scores across all the colors than did the design professionals. The overall 
color preference orders of the four groups are as follows from most to least: 
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• Healthy children: blue, green, yellow, purple, red, and white 
• Pediatric outpatients: blue, green, red, purple, yellow, and white 
• Pediatric inpatients: blue, green, red, purple, yellow, and white 
• Design professionals: blue, green, purple, yellow, red, and white 
 
Design professionals selected green and blue as the most appropriate colors for 
pediatric patient room design. The rationale for their choices was explained above in the 
opening of this chapter. In general, green and blue were considered soothing natural 
colors. By contrasts, the other color choices were all considered to possess various 
negative characteristics. 
Gender effects were found across all of the children’s groups but not the adult 
group. Overall, males reported significantly lower preference scores for red and purple 
than did females. In the healthy children group, males less preferred purple than females. 
In both pediatric outpatient and inpatient groups, males also showed significantly lower 
preference scores for purple than females. In contrast, male patients tended to prefer 
green more than female patients. 
Caucasian versus non-Caucasian color difference was investigated, but there 
were no significant effects across all the groups.  
Since emotions are associated with colors, correlations between emotions and 
color preferences were also investigated. Participants’ emotional states were measured 
by three categories (happiness, arousal, and dominance) across six colors (red, yellow, 
green, blue, purple, and white). The results indicated that there was a positive 
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relationship between arousal and red color preference (effect size was small); those who 
were more aroused preferred red more. Other than the relationship between arousal and 
red color preferences, no other relationship between emotions and color preferences was 
found. After controlling for the emotions (happiness, arousal, and dominance), the main 
effects of gender were statistically significant for red and purple – the same as the results 
without considering the emotional adjustment as covariates. 
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CHAPTER IX 
CONCLUSIONS AND RECOMMENDATIONS 
 
This final chapter summarizes the theoretical foundation, research methods, 
hypotheses, and results from this study. Recommendations for color application are 
provided as guidelines for designers and researchers based on the findings from the 
study, the researcher’s observations, and a literature review.  
 
9.1 SUMMARY OF THE RESEARCH 
There are millions of children that must be accommodated by the health care 
system. Serving their needs is an enormous challenge for healthcare designers, planners, 
and providers. Most of the existing design research is focused on adult environments and 
cannot always be confidently applied to children’s environments since children can have 
different ways of thinking and behavior than adults. 
In order to meet this challenge, evidence-based design is a critical method 
through which socially responsible designers can create healing environments for 
specific needs. Designers use empirically-based knowledge and conduct their own 
research in practice in order to share their findings with other designers (Shepley et al., 
1998). In other words, applying research findings to practice is essential (Shepley et al., 
1998).  
The review of literature presented earlier in this dissertation confirmed the 
physiological and psychological effects of color on human beings. There are numerous 
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color preference studies, but they are typically done with small color chips or papers, 
which is very different from seeing a color applied to a wall surface. In addition, a lack 
of control of color attributes was pervasive throughout the surveyed studies. To 
investigate the values of color in real contexts, and to control confounding variables, two 
experiments (the pilot study and main study) were conducted using the simulation 
method due to its inherent feasibility and reliability. Ten 1:12 scale-models of patient 
rooms, each with a single interchangeable side wall, were built by the researcher and 
utilized for the experiments. The layout and environment of all models were identical, 
excluding the single interchangeable side wall’s color. The luminance levels inside the 
scale-models were maintained among all the models used by the researcher. 
The theoretical foundation of this research was based on the Conceptual Model 
of the Effects of Physical Environments on Children’s Health-Related Outcomes 
proposed by Sherman, Shepley, and Varni (2005). This model indicates that physical 
environments can influence children’s health-related outcomes. They proposed that 
environmental satisfaction is a significant mediator between the built environment and 
children’s well-being.  
This dissertation study aimed to investigate the effects of environmental colors 
as applied to wall surfaces. According to the model, color preference can mediate 
children’s well-being through their satisfaction with colors as components of the 
physical environment. Since the number of color options is virtually limitless, narrowing 
down color samples in a meaningful way was a necessity. Therefore, the researcher 
investigated what was the most preferred color among various samples within their own 
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hue families. For example, there were numerous red samples, but the most preferred red 
color among those samples was not clear.  
 
9.1.1 Summary of Experiment I (Pilot Study) 
The first experiment (the pilot study) addressed the above issue and 
investigated children’s most preferred colors from each of the five hue families as 
defined by the Munsell color system. The five major hue families are red, yellow, green, 
blue, and purple. The Munsell color system is a method of accurately specifying surface 
colors and is the most often used color system among those found in the literature 
(Beach, Wise, & Wise, 1988) because of it’s feasibility and international acceptance 
(Indow, 1988).  
Sixty-three children ages seven to eleven years were recruited because they are 
fully developed in understanding the representation of a symbol to its referent. Age 
group was important because the main study went on to compare children’s preferences 
to those of adults. By using this age group the experiment ensured that the child subjects 
could reference the models akin to the adult subject’s capacity. 
Ten samples from each of the five hues were selected for the pilot study. This 
produced fifty color samples as independent variables. Participants performed the 
experiment individually at their own pace based on a first-available first-participate 
principle. Subjects with color deficiencies were excluded. Participants were asked to 
indicate the three most preferred colored rooms and three least preferred ones among ten 
different colored rooms in each of the five hue families. 
 172
After comparing means and standard deviations, the most preferred colors were 
configured and used in the main study as independent variables. White was also included 
because of its pervasiveness in healthcare facilities. 
 
9.1.1 Summary of Experiment II (Main Study) 
The purpose of the second experiment (the main study) was to investigate the 
value of color as a component in a healing environment for pediatric patient rooms. 
Three different groups’ color preferences were investigated and compared in order to 
test the following two hypotheses.  
 
• Hypothesis I: Healthy children’s color preferences are different from pediatric 
patients’ color preferences. 
• Hypothesis II: Design professionals’ concept of appropriate colors for pediatric 
patient rooms is different from pediatric patients’ perception of 
color for patient rooms. 
 
The first hypothesis was derived from the facts that sick children may not 
perceive their surroundings in the same way as healthy children. More specifically, 
patients in negative emotional states tend to process their feelings and emotions in 
negative ways (Carpman & Grant, 1993).  
The second hypothesis addressed whether designers’ aesthetic preferences 
assessed the value of color in pediatric patient room design. Since there is no empirical 
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evidence regarding color applications for pediatric patients, design professionals may 
follow their own aesthetic preferences which can be different from the pediatric patients.  
Six different hue colors were used as independent variables: the most preferred 
red, yellow, green, blue, and purple configured by the pilot study, and white. A total of 
213 individuals participated, including sixty healthy children, sixty pediatric outpatients, 
thirty-three pediatric inpatients, and sixty design professionals. Data collection from 
pediatric inpatients was extremely slow, so outpatient data collection was suggested as it 
was more expeditious to include both pediatric outpatients and inpatients. 
The inpatients conducted the experiments in their patient rooms based on a 
first-available first-participate principle. A quick mood test was performed prior to the 
color preference rating tasks since emotions have been associated with color preferences. 
After the mood test, each participant was asked to rate his/her preferences of the six 
colored rooms. All procedures for other groups were identical with those for pediatric 
inpatients except for the locations of the experiments. 
 
9.2 SUMMARY OF FINDINGS 
9.2.1 Findings from Pilot Study 
The pilot study generated healthy children’s five most preferred colors among 
each of the five hue families based on the Munsell color system. The five colors were 
red (5R 7/8), yellow (5Y 9/8), green (5G 7/8), blue (5B 6/8), and purple (5P 7/8).  
Within the limited color samples, children tended to prefer highly saturated and 
brighter colors. Gender differences were found in two samples from each of the red and 
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purple hue families. Boys reported higher preferences for darker and less saturated 
colors than did girls; specifically 5R 7/2 and 5P 6/2. In contrast, girls showed higher 
preferences for brighter and more saturated colors; that is, 5R 8/5 and 5P 7/8. Other than 
these four colors, there were no statistically significant gender effects. Caucasian and 
non-Caucasian children groups were compared, but there were no significant differences. 
 
9.2.2 Findings from Main Study 
A mixed between-within subjects ANOVA was conducted to investigate group 
differences, gender effects, Caucasian versus non-Caucasian differences, and 
correlations between emotions and color preference among the four different groups: 
healthy children, pediatric outpatients, pediatric inpatients, and design professionals 
groups.  
 
9.2.2.1 Test Results of Hypothesis I 
Group differences were investigated using healthy children and pediatric 
patients groups in terms of color preferences. The results indicated that there were no 
significant mean differences between healthy children, pediatric outpatients, and 
pediatric inpatients. It rejected the hypothesis that color preferences from pediatric 
patients were different from healthy children. This information may be valuable because 
color studies from healthy children can be applied to the pediatric patient population. 
However, the overall color preferences showed a tendency that the healthier 
group preferred the colors more. The healthy children’s color preferences were higher 
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than the pediatric outpatients and the pediatric inpatients, respectively. Although this 
observation was not statistically significant, it raised an additional issue that the sickest 
pediatric patients may response differently than healthy children in terms of color 
preference. Most of pediatric patients who participated in this study were not severely ill. 
It was hard to recruit sicker patients because either their parents refused to permit their 
child’s participation or medical staff denied the researcher the opportunity to contact the 
patients. Data about the patients’ disease or health status were not available to the 
researcher because of disclosure concerns. This study focused on children ages seven to 
eleven, so younger children may behave differently than older children as age 
development and changes in color preferences are suggested by the literature. 
 One outstanding difference was that both pediatric outpatients and inpatients 
reported lower preference scores than the healthy children did for yellow. All pediatric 
outpatients, pediatric inpatients, and healthy children groups reported blue and green as 
their most preferred colors with white as the least preferred.  
 
9.2.2.2 Test Results of Hypothesis II 
To test Hypothesis II, the mean differences between design professionals, 
pediatric outpatients, and pediatric inpatients were compared. The results indicated that 
there were significant differences between the design professionals and the pediatric 
outpatients. The pediatric outpatients reported higher preference scores than the design 
professionals for red, blue, and white. Although the mean differences for red, blue, and 
white were significant, blue was the most preferred and white was the least preferred by 
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both groups. Both groups also showed very similar preferences for the rest of the colors. 
In addition, no significant differences were found between the design professionals and 
the pediatric inpatients.  
The results were not supportive to the hypothesis that design professionals’ 
color appreciation for pediatric patient room design was different from pediatric patients. 
It is worth noting that pediatric patients valued colors more than design professionals 
since the patients’ mean scores were higher than design professionals’. 
Design professionals selected green and blue as the most appropriate colors for 
pediatric patient room design. Green was considered to represent nature and induce 
positive feelings; blue was considered to be calming and restful.  
Design professionals selected white as the least appropriate color for pediatric 
patient room design because white was considered too stark and institutional, and likely 
to create negative feelings. Yellow was selected as the second least appropriate color 
because the reflection on a patient’s skin can make them appear ill or mask symptoms.  
 
9.2.2.3 Gender Effects in Color Preference 
Gender effects were found across all of children groups, but not across the 
design professionals group. Overall, males reported significantly lower preference scores 
for red and purple than females.  
In the children group with all three groups combined (healthy children, 
pediatric outpatients, and pediatric inpatients), gender differences were found in red, 
green, and purple. Males reported significantly lower preference scores for red and 
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purple when compared to females. In contrast, males preferred green more than females. 
Since there was a gender effect in the children groups, additional investigations were 
conducted using healthy children, pediatric outpatients, and pediatric inpatients 
separately. In the healthy children group, significant gender differences were found in 
that males had lower preferences for purple than females. In both pediatric outpatients 
and inpatients groups, male patients also reported significantly lower preference scores 
for purple than female patients. 
 
9.2.2.4 Emotions in Color Preference 
Correlations between emotions and color preferences were investigated using 
multivariate ANCOVA. It not only facilitated the analysis of the relationship between 
emotion and color preferences, it also reduced the possibility of an alternative 
explanation of causal relations.  
Participants’ emotional states were measured by three categories (happiness, 
arousal, and dominance). The results indicated that there was a positive relationship 
between arousal and red color preference. In other words, subjects which were more 
aroused preferred red more. This finding is interesting because other studies also found 
an arousal effect in red but the causal direction was the opposite. When red and blue 
were presented, subjects reported red was more arousing than blue (Gerard, 1958; 
Wilson, 1966; Nourse & Welch, 1971; Ali, 1972; Jacobs & Hustmyer, 1974). Other than 
the relationship between red and arousal, no relationships were found.  
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After controlling the emotional states as covariates, the main effects of gender 
were still significant in red and purple. This result was same as the results from analysis 
without the adjustment of emotions as covariates. 
 
9.2.2.5 Overall Color Preferences 
Regardless of gender differences, overall color preferences among the groups 
are presented in Table 9.1. Blue and green were the most preferred colors and white was 
the least preferred one for all the groups. All children groups reported higher preference 
scores on the colors than the design professionals.  
 
TABLE 9.1 
Overall Color Preference Orders 
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9.3 SUMMARY OF RECOMMENDATIONS 
The following recommendations for color application are summarized as 
architectural design guidelines for children based on the findings from the experiments, 
the researcher’s observations, and the literature review. The guidelines are not 
prescriptive and definite because color effects can be influenced by many confounding 
variables. It is hoped that the recommendations will help design professionals 
understand color more. 
Colors need to be specified carefully when describing color selections because 
there is too little terminology to discriminate existing colors. For example, the word 
‘red’ can be any red sample among numerous red ones in the red hue family; but one red 
sample (5R 6/5) may not have same impact as another red one (7.5R 7/8). This issue is 
parallel to other hue families as well. A color consists of three dimensions (hue, 
brightness, and saturation) and is specified by them by the notation of hue 
brightness/saturation (H B/S) in the Munsell color system. To avoid any confusion, 
specific notation must be used for systematic color application.  
The findings from this study focused on a single color effect on an accent wall. 
Findings from studies in specific contexts should be interpreted carefully so the 
application will not be prescriptive for all situations. Table 9.2 summarizes 
recommendations for color application. 
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TABLE 9.2 
Recommendations for Color Application 
Color Effect Reference 
Brighter 
color 
◊ More bright, more preferred 
 
◊ Evokes positive feelings 
 
P
 
ilot study; Guilford, 1934 
Boyatzis & Varghese, 1994; Hemphill, 1996; 
entner, 2001 Z
 
More 
saturated 
color 
◊ More saturation, more 
preference by children 
 
▶ Reflects on patient’s skin, 
can mask or impersonate 
illnesses  
 
Pilot study; Guilford, 1934; Granger, 1955; 
hild, Hansen, & Hornbeck, 1968 C
 
Designer’s comment 
Blue  ◊ Most preferred by children 
and adults 
 
◊ Most preferred by pediatric 
patients (5B 6/8) 
 
▶ Higher depression scores by 
adults 
 
Main study; Granger, 1955; Guilford & 
Smith, 1959; Child, Hansen, & Hornbeck, 
968; Silver et al., 1988 1
 
M
 
ain study 
Kwallek, Lewis, & Robbins, 1988 
Green ◊ Most preferred by children 
and adults 
 
◊ Most preferred by pediatric 
patients (5G 7/8) 
 
◊ Preference of green increases 
with age 
Granger, 1955; Guilford & Smith, 1959; 
hild, Hansen, & Hornbeck, 1968 C
 
Main study 
 
 
Choungourian, 1969; Meerum Terwogt & 
oeksma, 1995; Dittmar, 2001 H
 
Red ◊ Most preferred by younger 
children 
 
◊ More arousing and exciting 
 
 
 
◊ Female patients prefer red 
(5R 7/8) more than males 
 
▶ Higher anxiety scores by 
adults 
Bornstein, 1975; Adams, 1987; Zentner, 2001
 
 
Gerard, 1958; Wilson, 1966; Nourse & 
Welch, 1971; Ali, 1972; Jacobs & Hustmyer, 
974 1
 
Main study 
 
 
Jacobs & Suess, 1975; Kwallek, Lewis, & 
obbins, 1988 R
 
Yellow ▶ Less preferred by pediatric 
patients (5R 9/8) 
 
▶ Higher anxiety scores 
Main study 
 
 
K
 
wallek, Lewis, & Robbins, 1988 
White ▶ Least preferred for pediatric 
patient rooms (N 9.5) 
 
Main study 
Note: ◊ Positive Effect; ▶ Negative Effect 
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9.4 LIMITATIONS OF THE STUDY 
As an experimental design, this study had high internal validity, but it had 
relatively low external validity because of the nonrandom sampling and context 
dependency; that is, the generalizations of the study would be limited within the specific 
contexts in which it was conducted. However, research that provides limited 
generalization is as equally important as those which provide broad generalizations 
(Shadish, Cook, & Campbell, 2002). 
All participants were recruited based on a first-available first-participate 
principle. This approach is categorized as convenience sampling, which is nonrandom. 
This nonrandom sampling may be a factor which decreases generalization. Instead of 
randomizing subjects to experiments, the color samples used in this study were displayed 
randomly using the Latin Square Design in order to reduce the order effect. 
The context of this main study is context-dependent. The environments of the 
scale-model rooms were adjusted to the illumination level from 12 pm to 2 pm during 
the fall season (October to February) in Bryan, Texas. Environmental color effects were 
investigated using one color at a time applied on the accent wall so the effect of 
interactions between two adjacent colors or multiple colors were not applied. These 
specific contexts can decrease the external validity; this study is limited to generalizing 
findings applied for the above specific contexts.  
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9.5 SUGGESTIONS FOR FUTURE RESEARCH 
This research only focused on color preferences for pediatric patient room 
design. Although no significant differences were found between healthy children and 
pediatric patients in terms of color preferences, the sickest children (Pediatric Intensive 
Care Unit) may response differently. Therefore, color effects on different types of 
subjects such as the sickest children, children with autism, or Alzheimer patients would 
be valuable. Color effects can also be extended for making design decisions for other 
building typologies, including education settings, correctional facilities, or commercial 
offices. 
Further investigations on what are determinants in color preferences (e.g. hue, 
saturation, brightness, background color, illuminants, gender, ethnicity, etc.), the effects 
of multiple color combinations, magnitude of color impacts among other environmental 
stimuli, the value of color on human performance, and different age groups’ color 
perception are necessary. Therefore, color studies using various ages, races, regions, and 
settings should be conducted over a longitudinal time frame. Although culture did not 
impact the results of this research, a cross-cultural study with a larger sample may 
provide valuable information to verify cultural effects. 
The study of color is deceivingly complex. Color perception is heavily 
interwoven with interaction between light, eyes, and the brain. Color studies demand an 
interdisciplinary approach that incorporates a fundamental knowledge of color science, 
visual perception, psychophysiology, etc. Color science helps control the quality of a 
color. Visual perception theories provide the operational mechanism of the human visual 
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system. In psychophysiology, non-invasive physiological recording techniques such as 
electroencephalography (EEG), heart rate, and skin conductance are useful techniques 
for measuring non-verbal subjects such as infants and special populations. By 
incorporating physiological records with psychological measurements, more rigorous 
conclusions can be drawn and used for generating design guidelines about color for 
architectural designers, interior designers, healthcare designers, and healthcare providers.  
This research provided the basic foundation of color studies in real contexts by 
using scale model simulation. Although using a simulation design is reliable 
methodology, color studies in real settings will provide more viable information about 
the value of color in the environmental design filed. For a successful color study, the 
confounding variables such as subjects’ age, gender, emotion, hue, brightness, saturation, 
light sources, adjacent colors, contexts, and cultural factor must be precisely controlled. 
 
9.6 CONCLUSIONS 
This study provides information regarding color preferences of healthy children, 
pediatric patients, and design professionals. According to this study, children ages seven 
to eleven years prefer brighter and more saturated colors across age and gender. In 
particular, white is a pervasive color in healthcare facilities, but it is the least preferred 
color by both children and design professionals. It is hoped that the findings and 
recommendations from this study will provide designers with a better understanding of 
color and help them to create better environments for children and their families. 
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APPENDIX A 
THREE ATTRIBUTES OF COLOR IN MUNSELL COLOR SYSTEM 
 
The Munsell color system is a method of accurately specifying surface colors using three 
interrelated dimensions: hue, brightness (value), and saturation (chroma). 
 
Hue refers to the attribute of color by which distinguishes red from yellow, green from 
blue, and so on.  
Brightness refers to lightness of a color. The point of brightness ranges from 0 for black 
and 10 for white. In-between colors from black to white are grays; and they are called 
neutral colors. These colors are also called achromatic colors since they do not have 
hue. Colors that have hues are defined as chromatic colors.  
Saturation refers to the degree of departure of a color from the neutral color of the same 
lightness. Saturation often indicates the strength of a color: colors of low saturation are 
said to be weak colors while those of high saturation are called strong ones.  
 
A chromatic color is specified by a notation of hue brightness/saturation (H B/S); and a 
neutral color is written by neutral brightness/ (N B/) in the Munsell color system 
 
 
 
Source: Partially adapted and reprinted with permission from The Munsell Book of Color: A 
Language for Color, by Turner Luke, Joy, 1994, Fairchild Publications, New York. 
Copyright 1994 by Fairchild Publications, Inc. 
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APPENDIX B 
SCALE-MODEL OF PATIENT ROOM 
 
Floor Plan of Typical Patient Room 
 
 
 
 
 
Images of the Scale-Models 
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Floor Plan of the 1:12 Scale-Model 
 
 
Section of the 1:12 Scale-Model 
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APPENDIX C 
INSTITUTIONAL REVIEW BOARD OF TEXAS A&M UNIVERSITY 
FOR EXPERIMENT I (PILOT STUDY) 
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APPENDIX D 
COLLEGE STATION INDEPENDENT SCHOOL DISTRICT RESEARCH 
REVIEW FOR EXPERIMENT I (PILOT STUDY) 
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APPENDIX E 
BRYAN INDEPENDENT SCHOOL DISTRICT RESEARCH REVIEW  
FOR EXPERIMENT I & II (PILOT & MAIN STUDY) 
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APPENDIX F 
PARENTAL PERMISSION FORM AND CHILD ASSENT FORM 
FOR EXPERIMENT I (PILOT STUDY) 
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APPENDIX G 
INSTITUTIONAL REVIEW BOARD OF TEXAS A&M UNIVERSITY 
FOR EXPERIMENT II (MAIN STUDY) 
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APPENDIX H 
COLLEGE STATION INDEPENDENT SCHOOL DISTRICT RESEARCH 
REVIEW, PARENTAL PERMISSION FORM, AND CHILD ASSENT FORM 
FOR EXPERIMENT II (MAIN STUDY) 
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APPENDIX I 
INSTITUTIONAL REVIEW BOARD OF ST. JOSEPH HEALTH SYSTEM, 
PARENTAL PERMISSION FORM, AND CHILD ASSENT FORM  
FOR EXPERIMENT II (MAIN STUDY) 
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APPENDIX J 
SCOTT & WHITE INSTITUTIONAL REVIEW BOARD,  
PARENTAL PERMISSION FORM, AND CHILD ASSENT FORM  
FOR EXPERIMENT II (MAIN STUDY) 
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APPENDIX K 
CONSENT FORM AND QUESTIONNAIRE  
FOR DESIGN PROFESSIONALS FOR EXPERIMENT II (MAIN STUDY) 
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APPENDIX L 
SELF ASSESSMENT MANIKIN 
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APPENDIX M 
PEDIATRIC HEALTH-RELATED QUALITY OF LIFE INVENTORY 
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APPENDIX N 
TEKTRONIX J18 LUMACOLOR PHOTOMETER SYSTEM
 
Tektronix J18 LumaColor™ Photometer System has several measurement heads. Two 
major components for the experiments were a chromaticity head (J1810) and an 
illuminance head (J1811). The chromacity head measures chromacity readings in either 
the 1931 CIE system or the 1976 CIE-UCS system. The photometer displays either xy, 
u’v’, or XYZ values. The XYZ tristimulus values are used to calculate the chromaticity 
of a color. The 1931 CIE (Commission Internationale de L’Eclariage) chromaticity has 
been used to graphically depict the color characteristics of hue and saturation for cathode 
ray tube (CRT) phosphors. The illuminance head measures the levels of office lighting, 
artificial lighting, outdoor lighting, etc. This photometer system is used for measuring 
and controlling the characteristics of light sources. 
 
 
 
 
 248
APPENDIX O 
ILLUMINANCE LEVEL MEASUREMENT INSIDE THE SCALE-MODELS 
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APPENDIX P 
CHROMATIC VALUES OF THE COLORS ON MATT PAPER IN ISOLATION 
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Chromatic Value 
Hue Brightness/Saturation 
X Y Z 
9/2 1101.0 1133.0 789.6 
8/5 992.0 912.8 560.5 
8/2 844.3 870.6 615.0 
7/8 862.3 718.6 380.0 
7/5 749.1 683.6 420.0 
7/2 633.9 643.0 442.4 
6/8 632.5 515.5 280.3 
6/5 553.9 497.0 310.4 
5R 
6/2 458.5 465.1 324.3 
9/8 1094.0 1151.0 283.9 
9/5 1080.0 1148.0 412.2 
9/2 1050.0 1131.0 627.2 
8/8 862.4 906.1 214.8 
8/5 818.1 877.1 326.7 
8/2 809.4 874.4 476.8 
7/8 637.0 655.8 142.4 
7/5 638.9 670.3 237.8 
5Y 
7/2 600.2 641.7 351.7 
9/2 962.4 1128.0 774.4 
8/5 628.2 840.4 510.8 
8/2 726.6 861.3 609.4 
7/8 448.4 670.2 371.6 
7/5 492.3 654.6 399.5 
7/2 533.0 636.7 434.2 
6/8 300.7 463.2 263.1 
6/5 350.7 467.6 288.1 
5G 
6/2 400.9 466.2 315.6 
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Chromatic Value 
Hue Brightness/Saturation 
X Y Z 
9/2 993.2 1118.0 915.0 
8/5 681.2 838.7 849.0 
8/2 764.1 864.9 730.7 
7/8 491.4 644.4 770.9 
7/5 526.4 645.9 666.8 
7/2 563.7 642.9 568.3 
6/8 335.0 444.4 602.1 
6/5 378.2 465.7 495.4 
5B 
6/2 426.9 480.6 409.1 
9/2 1099.0 1151.0 898.3 
8/5 913.0 896.3 811.5 
8/2 843.0 882.2 718.4 
7/8 766.7 682.1 742.9 
7/5 692.1 671.3 649.0 
7/2 639.2 666.7 563.9 
6/8 561.1 496.1 573.9 
6/5 508.1 491.1 486.5 
5P 
6/2 465.0 482.6 402.0 
N 9.5/ 
The light source seemed too bright for 
the photometer to measure chromatic 
values of the white on matt paper. 
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APPENDIX Q 
VISUAL QUALITIES OF THE COLORS INSIDE THE SCALE-MODELS 
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Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 146.4 125.8 48.0 
2 97.8 87.6 34.8 
3 68.0 64.0 26.0 
4 143.6 117.8 38.6 
5 113.2 93.5 34.6 
9/2 
6 86.2 73.2 28.1 
1 137.2 105.7 36.5 
2 90.4 71.8 25.7 
3 62.4 51.7 18.8 
4 132.2 96.9 28.0 
5 104.6 76.9 25.4 
8/5 
6 79.0 59.3 20.1 
1 109.9 94.3 38.9 
2 71.0 63.8 27.7 
3 47.5 45.2 20.3 
4 107.0 86.7 30.3 
5 83.4 68.3 27.3 
8/2 
6 61.5 52.1 21.7 
1 123.1 86.5 27.7 
2 79.6 57.3 18.9 
3 53.9 40.8 13.5 
4 116.6 77.9 20.5 
5 93.0 61.7 18.7 
7/8 
6 68.1 46.4 14.3 
1 102.4 78.1 29.3 
2 64.7 51.2 20.1 
3 42.7 35.9 14.4 
4 97.3 70.3 21.8 
5 76.3 55.3 19.8 
7/5 
6 55.4 41.5 15.5 
1 82.7 69.4 30.0 
2 51.1 45.1 20.6 
3 33.2 31.5 14.9 
4 79.1 62.6 22.5 
5 61.6 49.1 20.5 
5R 
7/2 
6 43.9 36.5 15.9 
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Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 89.0 61.2 22.3 
2 55.1 39.5 15.0 
3 35.6 27.2 10.5 
4 83.2 54.3 15.9 
5 65.5 42.6 14.7 
6/8 
6 47.1 31.5 11.2 
1 74.5 56.0 22.9 
2 45.8 36.0 15.4 
3 29.0 24.6 10.8 
4 69.9 49.7 16.5 
5 55.1 39.1 15.2 
6/5 
6 38.7 28.7 11.6 
1 59.0 49.3 22.7 
2 35.3 31.4 15.3 
3 22.0 21.4 10.7 
4 55.6 43.9 16.6 
5 42.9 34.3 15.1 
5R 
6/2 
6 29.7 25.0 11.5 
1 158.4 134.2 25.1 
2 106.0 93.3 16.9 
3 74.9 68.9 12.0 
4 149.5 121.7 17.9 
5 123.1 99.6 16.4 
9/8 
6 93.0 77.8 12.6 
1 152.1 131.5 30.7 
2 101.5 91.3 21.2 
3 71.1 67.1 15.3 
4 143.3 118.9 22.3 
5 118.0 97.5 20.8 
9/5 
6 89.3 76.0 16.1 
1 141.9 125.7 40.5 
2 93.5 86.8 28.7 
3 64.2 63.0 20.9 
4 133.1 114.0 30.4 
5 109.5 93.3 28.5 
5Y 
9/2 
6 82.3 72.5 22.6 
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Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 117.4 99.5 20.6 
2 75.7 66.7 13.7 
3 50.6 47.4 9.5 
4 110.2 88.5 14.5 
5 89.7 71.8 13.2 
8/8 
6 65.8 54.7 10.0 
1 112.0 97.1 26.1 
2 71.8 65.0 17.7 
3 47.9 46.2 12.5 
4 104.2 85.9 18.4 
5 85.1 70.2 17.2 
8/5 
6 62.3 53.3 13.2 
1 107.0 94.4 32.6 
2 68.6 63.7 22.7 
3 45.7 45.2 16.4 
4 100.6 84.9 24.2 
5 81.7 68.8 22.5 
8/2 
6 59.6 52.2 17.6 
1 86.0 71.1 15.9 
2 53.0 46.1 10.2 
3 34.4 32.0 7.0 
4 80.2 62.7 10.9 
5 64.1 50.2 10.0 
7/8 
6 45.5 37.3 7.4 
1 84.2 71.3 20.2 
2 51.8 46.2 13.3 
3 33.3 32.0 9.2 
4 78.5 62.8 14.2 
5 62.6 50.2 13.0 
7/5 
6 44.2 37.3 9.9 
1 76.3 66.6 25.0 
2 46.6 42.9 16.8 
3 29.7 29.7 11.8 
4 71.0 58.5 17.9 
5 56.2 46.6 16.6 
5Y 
7/2 
6 39.8 34.6 12.7 
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Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 118.5 115.3 46.3 
2 76.9 79.2 33.3 
3 51.5 57.2 24.5 
4 111.3 104.4 35.4 
5 91.2 85.4 33.4 
9/2 
6 67.0 66.0 26.5 
1 75.2 80.9 33.7 
2 46.3 53.8 23.2 
3 29.7 38.0 16.7 
4 69.6 72.3 24.9 
5 55.6 58.5 23.2 
8/5 
6 39.5 44.2 18.0 
1 88.8 86.2 38.1 
2 55.3 57.1 26.6 
3 35.7 39.9 19.2 
4 82.5 77.0 28.6 
5 66.1 62.0 26.7 
8/2 
6 47.3 46.7 20.9 
1 52.1 61.6 26.8 
2 31.4 40.5 18.2 
3 19.7 28.6 13.0 
4 48.0 55.0 19.6 
5 38.1 44.2 18.1 
7/8 
6 26.3 33.1 13.9 
1 58.4 62.2 27.7 
2 35.0 40.5 18.8 
3 22.1 28.3 13.3 
4 53.9 55.0 20.1 
5 42.9 44.2 18.7 
7/5 
6 29.6 32.7 14.2 
1 64.5 62.4 28.9 
2 39.0 40.5 19.7 
3 24.3 27.9 14.0 
4 59.6 55.3 21.1 
5 47.4 44.3 19.7 
5G 
7/2 
6 32.9 32.6 15.1 
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Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 34.5 41.5 20.9 
2 20.2 26.7 13.8 
3 12.2 18.5 9.6 
4 31.1 36.3 14.7 
5 24.5 29.2 13.6 
6/8 
6 16.6 21.6 10.3 
1 41.2 43.6 20.9 
2 24.3 27.8 13.8 
3 14.5 19.0 9.6 
4 37.5 37.9 14.8 
5 29.2 30.3 13.6 
6/5 
6 19.9 22.3 10.3 
1 48.4 45.7 21.7 
2 28.2 28.8 14.4 
3 17.2 19.6 10.0 
4 44.3 39.8 15.3 
5 34.5 31.5 14.2 
5G 
6/2 
6 23.4 22.9 10.6 
1 120.8 114.2 52.9 
2 78.4 78.4 38.7 
3 53.2 56.9 29.2 
4 113.2 103.4 41.3 
5 92.8 84.6 39.0 
9/2 
6 68.4 65.3 31.5 
1 76.5 79.6 49.2 
2 47.9 53.2 35.7 
3 31.2 37.6 26.7 
4 70.8 71.2 38.1 
5 57.3 57.8 36.0 
8/5 
6 41.2 43.7 29.0 
1 91.2 86.3 43.4 
2 57.3 57.4 31.0 
3 37.5 40.5 22.9 
4 84.7 76.8 33.0 
5 67.7 61.7 30.8 
5B 
8/2 
6 49.5 47.1 24.7 
 
 258
 
Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 51.6 58.1 44.9 
2 31.6 38.2 32.3 
3 20.0 26.7 24.0 
4 47.1 51.4 34.3 
5 37.8 41.6 32.6 
7/8 
6 26.4 31.1 26.0 
1 59.1 60.6 39.7 
2 36.1 39.5 28.2 
3 22.9 27.4 20.6 
4 54.2 53.7 30.1 
5 43.1 42.8 28.1 
7/5 
6 30.1 31.8 22.1 
1 66.4 62.9 35.0 
2 40.7 40.9 24.5 
3 25.9 28.3 17.8 
4 61.4 55.5 26.0 
5 49.2 44.5 24.5 
7/2 
6 34.2 33.0 19.1 
1 34.0 38.6 36.0 
2 20.2 24.9 25.3 
3 12.6 17.3 18.5 
4 30.4 34.2 27.1 
5 24.0 27.3 25.5 
6/8 
6 16.6 20.2 20.0 
1 42.1 42.9 30.5 
2 24.7 27.3 21.0 
3 15.2 18.8 15.2 
4 38.3 37.7 22.6 
5 30.0 30.1 21.2 
6/5 
6 20.6 21.9 16.3 
1 50.3 46.8 26.2 
2 29.9 29.8 17.7 
3 18.5 20.3 12.6 
4 46.5 41.1 19.1 
5 36.3 32.6 17.7 
5B 
6/2 
6 25.1 23.7 13.6 
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Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 139.1 122.6 52.2 
2 91.4 84.3 38.1 
3 63.3 61.3 28.7 
4 129.4 110.0 40.3 
5 107.2 90.6 38.3 
9/2 
6 80.0 70.2 30.8 
1 113.7 95.0 47.3 
2 72.4 62.8 33.8 
3 48.8 44.9 25.5 
4 105.7 84.5 36.3 
5 86.1 68.2 34.1 
8/5 
6 62.8 51.6 27.3 
1 104.2 91.6 42.9 
2 66.2 60.9 30.5 
3 43.9 43.2 22.6 
4 96.9 81.5 32.6 
5 78.5 66.0 30.6 
8/2 
6 57.0 49.8 24.2 
1 94.1 72.9 42.8 
2 59.3 47.6 30.8 
3 39.0 33.1 22.9 
4 87.3 64.4 32.7 
5 70.7 51.7 31.0 
7/8 
6 50.3 38.1 24.4 
1 84.9 69.8 38.6 
2 52.6 45.5 27.4 
3 34.1 31.4 20.0 
4 78.5 61.9 29.2 
5 63.1 49.4 27.4 
7/5 
6 44.9 36.7 21.7 
1 78.1 68.0 34.9 
2 48.0 44.1 24.2 
3 30.8 30.6 17.7 
4 72.2 60.3 26.1 
5 57.9 48.1 24.3 
5P 
7/2 
6 41.2 35.8 19.1 
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Chromatic Value Hue Brightness/Saturation Spot # X Y Z 
1 68.4 52.5 34.5 
2 41.5 33.3 24.0 
3 26.4 22.8 17.6 
4 63.1 45.9 25.8 
5 50.0 36.2 24.2 
6/8 
6 35.1 26.5 18.9 
1 61.5 50.5 30.1 
2 37.2 32.1 20.8 
3 23.0 21.9 15.0 
4 56.7 44.3 22.3 
5 44.7 35.0 20.8 
6/5 
6 31.1 25.6 16.1 
1 56.1 48.5 25.8 
2 33.7 30.9 17.6 
3 20.8 21.0 12.4 
4 51.7 42.7 18.8 
5 40.9 33.7 17.4 
5P 
6/2 
6 28.3 24.6 13.4 
1 197.0 173.7 60.9 
2 135.4 124.1 45.1 
3 99.0 95.5 35.0 
4 185.8 159.4 48.4 
5 153.8 131.0 45.0 
N 9.5/ 
6 119.5 105.4 37.1 
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